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INTRODUCTION 
A major concern of educators has been that of providing the learner 
with the maximum learning. Although there is general agreement about the 
desirability of improving instruction and thereby maximizing learning, 
there is much controversy about what methods can best be used to achieve 
this goal. Each of the many methods of instruction has both critics and 
advocates. 
Much work has been done comparing programmed instruction to the 
regular classroom presentation. Several studies compared expository 
teaching to concept, discovery or inquiry teaching. A few studies com­
pared variations of problem solving methods of instruction but expository 
and problem solving methods have not been previously compared in the same 
study. 
There is need for instruction and training for food service employees 
in health care facilities as evidenced by the number of home study courses 
available through the state health department and the regulations by the 
Department of Health, Education and Welfare for continuing education by 
supervisors in health care facilities. No study has compared instruction­
al methods to determine their effectiveness in terms of resulting level of 
cognitive performance with this population. The food service employees in 
health care facilities made good subjects for this study because they were 
available to the researcher and because there were sufficient numbers of 
learners so a fair test could be made. 
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Metric measurement was selected as the subject matter for this study 
because at the time the research was conducted this country was in the 
beginning of the changeover from customary to metric measurement. The 
need for knowledge in this area made this a topic that was both new and 
interesting. 
It is recognized that some assumptions must be made concerning a 
study of this kind. It was assumed that the participants would respond 
independently to the achievement test. It was also assumed that the 
lessons on metric measurement would be as well-received as the other home 
study courses which have been available to these people. 
It is also recognized that there are some limitations on a study of 
this kind. The researcher has no control over the way the learners study 
the materials that are provided to them. The sample was dependent upon 
the willingness to participate rather than random sampling techniques. 
Findings and generalizations from this study are not applicable beyond 
food service employees in the health care facilities in the sample. 
The major objective of this study was to compare the performance of 
learners on a written test when the subject matter was presented using two 
different methods of instruction: expository and problem solving. 
In order to make the comparisons the following hypotheses were 
generated; 
1. There is no significant difference in achievement test scores for 
students as a result of receiving instruction in the metric system of 
measurement. 
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2. There is no significant difference in achievement test scores for 
students receiving the expository and problem solving methods of 
instruction. 
a. There is no significant difference in the achievement test scores 
measuring ability at the knowledge and comprehension levels for 
students receiving the expository and problem solving methods of 
instruction. 
b. There is no significant difference in the achievement test scores 
measuring ability at the application level or higher for students 
receiving the expository and problem solving methods of instruc­
tion. 
3. There is no significant difference in achievement test scores for 
students receiving the expository and problem solving methods of 
instruction as a result of age of the participant, education level, 
presence of children in the home or facility of employment. 
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REVIEW OF LITERATURE 
One of the concerns of educators is method of instruction and how it 
affects learning. Basic to any study of instruction and learning is an 
understanding of the cognitive process. For this reason the first section 
contains an overview of the contributions made by prominent students of 
the cognitive process. 
The major consideration of this review of literature was to develop 
an understanding of the expository and problem solving methods of instruc­
tion. Because none of the studies reviewed compared the two methods with­
in the same study, each method was reviewed separately in the second and 
third sections. This was done to determine how the two methods were de­
fined by experts and what studies had been conducted with particular 
attention to the methods used in the studies. 
A variety of problem solving models were reviewed in the fourth sec­
tion in an effort to find the model to be used in the development of the 
lessons in this study. 
The fifth and final section contains a brief history of self-instruc-
tional materials and a closer look at home study courses and the ways they 
have been used in training food service personnel. Although few research 
studies have been carried out with this group there appears to be evidence 
of concern by professionals in the field for guidelines in developing 
additional training materials. 
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The Cognitive Process 
The cognitive process is the way a person thinks or human information 
processing. The psychologist wants to know what the processes are, what 
form the processes take, when the processes are present. These processes 
are viewed as mechanisms by which people take in, organize, transform, 
further process, decide about, store and retrieve information about their 
environment. 
Based on their extensive research on heuristic information processing 
strategies in problem solving, processes are defined and described by 
Newell and Simon (1972) in terms of the various levels of abstraction or 
complexity. It is useful to describe the various processing levels as if 
an information processing system were arranged as an hierarchy. At the 
bottom of the hierarchy are the primitive basic processes from which 
higher order processes are composed. The entire behavior of an informa­
tion processing system can be compounded out of sequences of these ele­
mentary processes. The elementary processes are not simple one-step 
mechanisms, but rather are fundamental information processing operations 
that would be sufficient to produce a high level of generality of informa­
tion processing across a wide range of tasks. The intermediate level of 
processing has received the most attention in studies of cognition. This 
level of processing is usually referred to by psychologists in terms such 
as "strategy," "operation" and "heuristic." Strategies are formed by a 
particular sequence of execution of the elementary processes. Two kinds 
of processes can be distinguished at the strategy level: (a) processes 
that operate on given information and transform it to a different state. 
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and (b) decisions and evaluation processes that do not change states of 
knowledge, but govern the evaluation of knowledge states and the selection 
and application of specific operation processes. At the top of the 
hierarchy is a general method or tactic for performing a task. A method 
is a collection or specific set of information processes that combine a 
series of processes to obtain some desired end. For example, brainstorm­
ing is a specific method of generating new ideas. It is composed of a 
sequence of intermediate level processes: express all ideas that come to 
mind, defer evaluation of all ideas as they are generated, list all ideas, 
etc. These processing levels are arranged in a hierarchy to form an in­
formation processing system. 
Among the more prominent students of these cognitive processes were 
Piaget, Bruner, Bloom, Gagné and more recently. Cole. 
Piaget has made invaluable contributions to education, particularly 
through his theory of development. Furth (1970) claims that Piaget probed 
into how the mature capacity for thinking comes about by studying the 
history of intelligence, from both the evolutionary and developmental 
perspectives (p. 14). 
Ginsburg and Opper (1969) observed that as a biologist, Piaget stud­
ied life, as an epistemologist, he studied knowledge, and as a develop­
mental psychologist, he sought to integrate the two. This is evidence by 
his definition of intelligence which states that intelligence involves 
biological adaptation, equilibrium between the individual and his environ­
ment, and a set of mental operations which permit this balance (p. 24). 
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According to Furth (1970), Piaget viewed growth of intelligence as 
something quite different from the acquisition of new habits and new in­
formation. He equates the growth of intelligence with development and the 
acquisition of new habits and information with learning. Furth (1970) 
claims that developing or functioning is the process by which intelligence 
grows from within while learning depends on reward or reason that lies 
outside the learning process. These two psychological processes differ in 
the experience from which they derive their sustenance, the motivation 
that provides energy for change, the memory that retains the new behavior 
over time, the type of knowing that is acquired and the mode in which the 
newly acquired behavior relates to previous behavior (p. 73). 
Of the many inquiries into intellectual development by Piaget, one of 
those attacked in the earliest studies was concerned with growth and 
problem solving. 
The most extensive research on problem solving with children has been 
done by Piaget and his associates at the Maison des Petits in Geneva, 
Switzerland beginning in the late 1920's. The studies were conducted 
largely by means of direct observation, testing and questioning in natural 
situations and covering a large variety of problem situations. Piaget's 
studies seem to provide the most illuminating single description of the 
way in which children attain power in problem solving. 
Piaget claims that growth in problem solving is influenced by two 
sets of factors. The first is highly personal and narrowly individualis­
tic, the result of egocentrism of early childhood. Opposed to the first 
set of factors is another set, social factors, which are steadily imposed 
8  
upon children and which have the effect of leading them to substitute ob­
jective reality for their own subjective schemes and to replace these 
illogical, if personally satisfying, mental processes by others which are 
rational and can meet the requirements of impersonal appraisal. The con­
flict between the two sets of factors is resolved finally in favor of the 
social factors, though the egocentric factors are by no means easily, 
quickly and completely surrendered. 
To Piaget, reasoning and problem solving is the highest type of 
formal, systematic thinking in which one starts with hypotheses, verbally 
presented, and works through to a judgment by rigorous processes which are 
themselves entirely verbal. 
Those whose work is more closely associated with problem solving 
maintain that it is an effective method of learning. Bruner (1960), for 
example, is a proponent of problem solving. 
He emphasizes the importance of process learning over product learn­
ing as the objective of instruction. His method stresses the acquisition 
of general ability to discover problem situations. He claims that the 
first object of any act of learning is that it should serve us in the 
future, it should allow us to go further more easily. One way in which 
this may be done is through specific transfer of training or the extension 
of habits and association which is usually limited to skills. A better 
way in which performance occurs more efficiently because of earlier learn­
ing is nonspecific transfer or the transfer of principles and attitudes. 
This is the learning of a general idea which can be used as a basis for 
recognizing problems which are specific adaptations of the idea which was 
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originally mastered. He feels that this continual broadening and deepen­
ing of knowledge in terms of basic and general ideas is at the heart of 
the educational process (p. 17). 
Bruner (1960) suggests that the curriculum of a subject should be de­
termined by the most fundamental understanding that can be achieved of the 
underlying principles that give structure to that subject. He urges that 
teaching of specific topics and skill without making clear their content 
in broader fundamental structure of a field of knowledge is uneconomical. 
The students need to learn to generalize from what they have learned to 
what they will encounter later; they need to get a grasp of general 
principles in order to receive the rewards in terms of intellectual ex­
citement; and they need to acquire sufficient structure to tie knowledge 
together so it will not be forgotten (p. 31). 
Like Bruner, Bloom (1956) contends that although information or 
knowledge is an important result of education, it is equally important 
that students can apply the information to new problems and situations. 
The work by Bloom (1956), identifying cognitive processes in hier-
archial complexity, can be used for the planning, implementing and evalu­
ating of behavior. The taxonomic structure he described can be used to 
plan and measure each instructional objective in one of six sequential 
cumulative categories of thinking, from knowledge to evaluation. The 
lowest level, knowledge, emphasizes facts, information and specifics. It 
serves as the foundation upon which the other levels are built. Material 
is recalled, remembered, and recognized in a form very close to that in 
which it was originally encountered. The second level, comprehension, is 
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concerned with grasping the meaning and intent of material. It deals with 
content and involves the ability to understand and explain what is being 
communicated. The third level, application, involves using what is re­
membered and comprehended. Knowledge and learned material are used in 
meaningful ways in new or concrete situations. It may involve applying 
principles and rules choosing appropriate procedures or selecting solu­
tions to problems that are similar to those presented previously. The 
fourth level, analysis, involves the breakdown of material into its con­
stituent parts and the determination of the relationship of these parts to 
each other and to the whole. Components are identified, relationships are 
analyzed and the principles involved in their organization are studied. 
Analysis is necessary to separate relevant material from trivia, to dis­
tinguish facts from hypotheses and to differentiate between facts and 
value judgments. The fifth level, synthesis, is the ability to put parts 
and elements together into new forms. Ideas are organized into new pat­
terns and materials are put together in a structure that was not there 
before. Creativity and originality are emphasized. The sixth and final 
level, evaluation, is concerned with the learner's ability to judge the 
value of ideas, methods, materials, procedures and solutions by developing 
or using appropriate criteria. 
Like Bloom, Gagné (1965) recognized the hierarchial nature of learn­
ing. However, Gagné places emphasis on the product of learning rather 
than the process. 
According to Gagné (1955), "learning is a change in human disposition 
or capability, which can be retained, and which is not simply ascribable 
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to the process of growth" (p. 5). Learning exhibits itself as a change in 
behavior. The amount of learning which has occurred is determined by 
comparing behavior before learning to behavior exhibited after learning. 
The change may be an increased capability for some type of performance or 
it may be an altered disposition in the form of attitude, interest or 
value, and may be retained over an extended period of time (p. 5). 
Gagné (1965) claimed there are as many varieties of learning as there 
are distinguishable conditions for learning. These varieties may be dif­
ferentiated by means of descriptions of the factor that comprise the 
learning conditions in each case. They may result from capabilities in­
ternal to the learner or the stimulus situation outside the learner. Each 
type of learning starts from a different level of internal capability and 
demands a different internal situation in order to take place effectively 
(p. 22). 
The outcome of each kind of learning lower in the hierarchy is con­
sidered to be a prerequisite of each of the higher types of learning. 
Some kind of signal learning must be acquired before a certain kind of 
stimulus-response learning can occur. Some kind of stimulus-response 
learning is prerequisite to some chaining, which in turn must precede 
verbal association which precedes a given kind of multiple discrimination 
learning. Proceeding from the other direction, we can say that problem 
solving requires that certain rules or principles have been learned. 
These rules and principles cannot be learned until certain concepts have 
been learned. 
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Gagné (1965) claimed that once he has acquired some principles, the 
human being can use them for many purposes in dealing with and controlling 
his environment. Because he can think, he is able to combine the princi­
ples he has already learned into a great variety of novel higher-order 
principles. By means of the process of combining old principles into new 
ones, he solves problems that are new to him and thus acquires a greater 
store of new capabilities. 
A number of conditions can be identified as apparently essential for 
this act of learning. A learner must be able to identify the essential 
features of the response that will be the solution, before he arrives at 
it. This is important because of the lengthy chains involved, and the 
steplike character of the problem solving act. Relevant principles, which 
have previously been learned, are recalled. The recalled principles are 
combined so that a new principle is learned. These are many separate 
steps so that the entire process may take some time. In summary, "learn­
ing by problem solving leads to new capabilities for further thinking" 
(pp. 56-57). 
Cole (1972),a foremost investigator of process education, suggests 
that processes are intellectual skills which are highly transferable. The 
skills which are most frequently emphasized in process education are those 
which relate to learning and to analytic, productive and expressing think­
ing. Other processes thought to have problem solving relevance are gen­
eralization, prediction, restructuring, integration, and synthesis. The 
justification of educational practices supporting the deliberate and pur­
poseful development of processing skills has been stated by Cole (1972): 
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1. The world of knowledge is changing so fast that it is impossible 
to predict what knowledge and information individuals will need 
in just a few years. 
2. The store of knowledge is so vast that it is impossible to in­
struct the student in anything but a small portion of what is 
known. 
3. The acquisition of skills insures an individual who can success­
fully solve problems, and this leads to a healthy and productive 
personality. 
4. Skills are more widely applicable than knowledge and information. 
5. Skills are more permanent than other types of learning. 
6. Information is easily obtained when needed, but skills cannot be 
'looked up.' 
7. An emphasis on skills in educational practice is needed to pre­
vent academic isolationism and social irrelevancy. 
8. Skills are required for learning to occur through formal educa­
tion. (pp. 31-33) 
While most educators agree that learning is hierarchical in nature 
there are differences in opinion concerning whether the emphasis should be 
on product or process. There are also differences in opinion concerning 
the method of instruction which should be used to optimize learning. 
Expository Method of Instruction 
Expository teaching is generally accepted as the straightforward 
presentation of facts, concepts and principles. Ausubel (1963) asserts 
that didactic exposition has always constituted the core of any pedagogic 
system because it is the only feasible and efficient method of trans­
mitting large bodies of knowledge. He claims that expository teaching and 
reception learning refer to the same process and defines reception learn­
ing as that in which "the entire content of what is to be learned is pre­
sented to the learner in final form." 
Hyman (1974) summarizes the position of theorists who support the 
expository or lecture and recitation method of conducting a class. He 
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maintains that the knowledge that a student needs to possess and can come 
to possess is actually held by someone else who can transmit it to the 
student. When someone communicates knowledge to the student, the stu­
dent's mind receives it, assembles it, stores it. 
Teaching is viewed as the activity that brings about the accumulation 
of the knowledge that is to be utilized by the student as he performs 
life's activities, not generated by the learner. The teacher has the 
knowledge to give the student or can easily acquire it when necessary or 
can readily guide the student to the source of knowledge. The teacher is 
the external source of stimulus for the student and can transmit knowledge 
to the student. 
Hyman (1974) acknowledged that the reception by the student may be 
either rote reception or meaningful reception. The proponents maintain 
that people communicate the knowledge they have gained to their offspring. 
He noted that the lecture and recitation methods of teaching are consis­
tent with the concept of the school as agent for transmission of knowledge 
to students. This view of teaching accommodates and encourages efficiency 
in gaining knowledge. Students are often happy when they are considered 
part of a large group made up of friends and acquaintances and may feel 
secure sitting with a large group (pp. 190-194). 
Some educators are critical of expository teaching. For example, 
Hendrix (1961) contends that a teacher who practices didactic exposition 
is behaving in an authoritarian fashion. She claims this occurs when a 
teacher stands in front of a classroom and presents facts, concepts, and 
principles. 
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Bruner (1960) claims that expository teaching produces bench-bound 
learners whose motivation for learning is likely to be extrinsic to the 
task at hand—pleasing the teacher, getting into college or artificially 
maintaining self-esteem (p. 77). He maintains that the decisions con­
cerning the mode and pace and style of exposition are principally deter­
mined by the teacher as expositor; the student is the listener. The 
teacher has quite a different set of decisions to make than the learner. 
The teacher has a wide choice of alternatives for structuring; he/she is 
anticipating paragraph content while the student is still intent on the 
words. That is, the teacher is manipulating the contents of the material 
by various transformations, while the student is quite unaware of these 
internal manipulations. 
A number of research studies compared expository instruction to other 
methods of instruction. Scandura (1964), Worthen (1968), and Boleratz 
(1965) compared discovery and expository methods of instruction. Sage 
(1971) identified inquiry and expository as the two learning approaches to 
be studied. Hoover and Cauble (1974) contrasted concept and expository 
teaching. Stout (1977) compared guided discovery and expository instruc­
tion. In each case, exposition was used as the control. 
Scandura (1964) attempted to teach problem solving by two methods of 
instruction: exposition and discovery. Two essentially equivalent and 
above average sixth-grade classes, each having 23 students, were taught 
the material, one by exposition and the other by discovery. The Instruc­
tor taught the same material to both classes for three days with instruc­
tion continuing until problem solving performance was judged approximately 
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equal. It took the discovery class 158 minutes and the expository class 
108 minutes to reach the desired level of routine problem facility. When 
tested two days later, the discovery and exposition groups scored equally 
well on routine problems which were described as being the same types that 
were presented during instruction. The discovery group scored signifi­
cantly better than exposition group on novel problems which were described 
as being problems requiring the same underlying principles but modified 
modes of attack. The study was criticized for the difference in amount of 
learning time, the directness of presentation, the emphasis of meaning, 
the amount of problem solving practice and the degree of meaningfulness 
which was different for the two groups. 
A subsequent study was carried out by Scandura (1964) in an effort to 
control these differences. Forty-six summer school students who had just 
completed fourth and fifth grades were divided into four sections so there 
was a high ability and a low ability group for each mode of instruction. 
Each class met five times within a period of 13 days, with the first three 
meetings devoted to instruction and the other two to evaluation. Both 
classes covered the same material, and identical prerequisite material and 
training problems were used wherever possible. Instruction continued 
until the classes had attained the same routine problem training facility. 
The expository class required 153 minutes and the discovery group needed 
199 minutes, probably because the subjects were younger and the class more 
heterogeneous than in the previous study. The results showed that for 
both immediate recall and retention discovery and exposition groups scored 
equally well on routine problems, as they had in the first study. On 
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novel problems the exposition group scored somewhat higher than the dis­
covery group. The exposition group seemed more likely to have the rule 
available, without which it would have been almost impossible to answer 
the question. 
In a classroom study, Worthen (1968) used expository and discovery 
methods to teach 432 fifth and sixth grade children over a period of six 
weeks. Concepts such as notation, addition and multiplication of inte­
gers, the distributive principles of multiplication over addition and ex­
ponential multiplication and division were taught. The discovery method 
involved presentation of examples for the subjects to solve followed by 
verbalization of the required concept or principle, which is inductive 
sequence. The expository method began with verbalization of the required 
concept or principle followed by examples for the subjects to solve, which 
is deductive sequence. Significant effects due to instructional method 
were found. Expository was superior to discovery in learning ease, but 
discovery was superior to expository in long-term retention and transfer; 
no difference in subject attitude was found. 
Sage (1971) carried out research with college-level industrial-
technical education students to compare experimentally the inquiry and the 
lecture methods on problem solving performance. He questioned whether 
students were able to construct the relationships needed to solve problems 
with the use of the traditional lecture method followed by a structured 
laboratory experience. The study was conducted to determine whether 
problem solving performance would be affected more by the learning of 
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concepts and principles through a method with emphasis on inquiry or by the 
memorization of facts through a method with emphasis on lecture. 
Sage (1971) was concerned with identifying effects of the two se­
lected learning approaches on the acquisity of knowledge, the performance 
of problem solving tasks, problem solving performance time, the student's 
reaction toward the course, and student directed inquiry. He used two 
learning approaches to teach concepts of electricity for one semester. 
The same instructor taught by the lecture method to two classes and by the 
inquiry method to one class. 
The inquiry method involved learning the concepts and principles. 
The instructor furnished each student with a set of general and skill ob­
jectives and a glossary of terms. During a discussion period, overhead 
transparencies illustrating an example related and unrelated to each ob­
jective were shown. After a problem solving task was demonstrated to the 
students, a new problem was presented with the teacher guiding the stu­
dents in making the proper responses. 
The lecture method involved the memorization of facts. The students 
received a lecture in which the teacher defined new words and provided 
positive visual examples of the objectives. Students were instructed to 
take notes, were invited to ask questions and were given reading assign­
ments. At the end of the unit, students were told to transfer the infor­
mation to index cards and corranit the facts to memory. 
Sage (1971) prepared and administered achievement, problem solving 
and performance tests based on the objectives at the culmination of the 
treatments. He reported that students given the inquiry method of 
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instruction had significantly higher scores on the test which measured the 
learning of concept and their relationships and the performance test for 
solving problems. There was no significant difference in knowledge gained 
and problem solving cognition or in problem solving time as a result of 
the two methods of instruction. 
According to student comments, there was too much control by the 
instructor in the inquiry method of instruction whereas students receiving 
the lecture method of instruction felt that too much was required of them. 
Sage (1971) concluded that students in the inquiry method were more in­
volved in their instructional approach than were the students in the lec­
ture method. 
In a study using home economics related subject matter, Boleratz 
(1965) investigated the relative effectiveness of two selected teaching 
programs. The discovery and transfer of generalizations about concepts of 
value was used as the experimental treatment. The teacher-planned Con­
ventional units planned by the teacher were based on the same concepts but 
using a variety of learning experiences other than student-initiated gen­
eralizations were used as the control variable. Fifteen classes of ninth 
and tenth grade home economics students were evaluated by a pretest meas­
uring the students' knowledge of the concepts and their ability to gen­
eralize. The same instrument was used as a posttest to determine the 
amount of change resulting from the teaching of the special units. 
Curricular materials for the experimental program included a teaching 
unit developed by the experimenter and focused on the discovery of gener­
alizations by the students. This unit of study was given to the five 
20  
experimental teachers, two experienced and three student teachers, who 
were then advised to become thoroughly familiar with the cognitive infor­
mation to be taught. Materials relative to the theoretical background of 
discovery learning were provided to promote further understanding of this 
strategy of teaching. 
The five control teachers, two experienced and three students 
teachers did not receive a structured unit of teaching but were given the 
same five dimensions of the concept of value that were used to structure 
the experimental unit. They also received teacher objectives which were 
the same as those given to the experimental teachers. Each control teach­
er was asked to develop a unit based on the five concepts and objectives 
and to be taught in a style or mode characteristic of her usual teaching. 
The control learning programs were checked to see that content was not 
deliberately generalized and that classroom procedures did not suggest the 
use of student generalization. 
Responses of teachers to a preplanned unit depended upon their ex­
perience. The student teachers agreed that they preferred to develop 
their own lesson plans rather than use a plan structured by someone else 
but experienced teachers expressed appreciation for a highly structured 
program. 
The analysis and interpretation of data were dependent upon the col­
lection of pretests, posttests, records of student IQ's and questionnaires 
concerning family socioeconomic status. The results of the study indicate 
that groups of students who participated in the experimental learning 
programs had significantly greater mean gains than groups of students who 
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experienced other structured programs. It was also found that mean gain 
scores of students were independent of intelligence, socioeconomic status 
and teacher experience. 
In another study using home economics related subject matter. Hoover 
and Cauble (1974) compared concept and expository teaching. The subjects 
were 754 college students in ten sections of a family relations course. 
The expository method was used as a control wherein the students were 
taught using an expository sequence based on a course outline. They heard 
lectures containing the concepts integrated with material on the subject 
matter. The students viewed films, but did not participate in the spe­
cific learning experience used in the other method. They were exposed to 
the same content at the same rate for the same period of time. 
Hoover and Cauble (1974) stipulated that concept teaching involved 
the formulation of objectives stated in terms of the specific behavior de­
sired. Organization of the course content was based on concepts, general­
izations, and principles, with teaching procedures and materials clearly 
defined and aimed toward teaching each significant concept. Students 
realized the need for increased understanding of the concepts and were 
directly involved in processes of critical thinking or problem solving. 
The development of learning experiences involved students directly with 
processes and relationships essential to concept formation and specific 
formulation and illustration of principles and concepts by students. The 
students applied principles to new situations with emphasis on the expla­
nation of relationships, the comparisons of concepts and the prediction of 
consequences (p. 137). 
22  
In the conceptual method classes, students analyzed cases, films, 
tapes and short stories to develop awareness of the need to increase their 
understanding of the concepts and to stimulate their inquiry. Students in 
these classes engaged in learning experiences designed to permit applica­
tion of principles to specific cases, to see cause-and-effect relation­
ships and to draw conclusions based upon these relationships. Class mem­
bers were each given opportunities to individually formulate in writing 
generalizations based upon their learning experiences. 
The findings implied that the conceptual method of teaching, under 
the conditions prevailing within the experiment, provided no significant 
advantage over the expository method for concept acquisition, concept 
transfer or concept retention. The significant method by teacher inter­
action suggested that some teachers used the concept method more success­
fully than others. 
In a more recent study. Stout (1977) carried out a study to establish 
the level of cognitive functioning and attitude of students and classes 
taught by two different modes of instruction, expository and guided dis­
covery. 
Lessons in the expository mode were begun with advance organizers in 
the form of principles and generalizations. Only methods in which it was 
possible to show or tell the information to the student were used to con­
vey the content of the generalization. The teacher controlled the rate in 
which the content was covered. Questions were limited to those requiring 
the student to recall or recognize information or to translate what had 
been communicated by the teacher into his/her own words. Knowledge and 
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comprehension level objectives guided the lessons. Assignments were in­
tended to aid comprehension rather than require application. 
The topics and generalizations for lessons were the same for both 
modes of instruction. In the expository mode, questions were limited to 
those requiring the student to recall or recognize information or to 
translate what had been communicated by the teacher into the student's own 
words. Application level objectives provided guidance for planning, and 
learning opportunities were planned to lead to student discovery of gen­
eralizations. Questioning by both students and teachers was very impor­
tant. Key questions were in the interpretation and application category. 
Application questions presented problems that approximated the form and 
context in which they would be encountered in life. Timing for the guided 
discovery teaching was more difficult to predict than was time for lessons 
in the expository mode, necessitating the recognition of some content as 
optional. 
Twelve rural Iowa high school home economics classes were taught ten 
lessons on residential energy resource management. The two teachers each 
presented the material to three classes in each mode; each classroom re­
ceived instruction in one mode from one teacher only. 
Stout found that there were no significant differences in attitudes, 
achievement test scores, knowledge subset or application subset scores as 
a result of the mode of instruction. She suggested that a variety of in­
structional modes be used because different individuals respond to par­
ticular teachers and instructional modes in different ways. 
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Of the six studies reported, all but one found areas of comparison in 
which the experimental treatment was superior to the expository method. 
In all six studies, the researchers reported comparisons in which the two 
treatments were equal. This suggests that the results are inconclusive 
and more study is needed to supply educators with answers concerning 
choice of mode of instruction. Expository teaching is the most efficient 
means of transmitting information from teacher to student and at the 
present time seems to be the method most often used by teachers. 
Problem solving is one of several methods of instruction which pro­
vides opportunities for the student to be more actively involved in the 
learning experience. In the next section, the problem solving method of 
instruction will be investigated and research related to that technique 
will be reported. 
Problem Solving Method of Instruction 
Three accepted approaches to problem solving are the Deweyan tradi­
tion, the Gestalt model and the information processing model. In the 
Deweyan tradition, training oriented theories of problem solving have 
attempted to identify the major steps in problem solving. Professionals 
working in this tradition try to determine the stage in which a problem 
solver is having difficulty and suggest activities that will allow him to 
overcome this difficulty. Dewey (1910) himself listed five phases of 
problem solving: recognizing that there is difficulty, defining the 
problem, generating hypotheses as to the solution of the problem, elabo­
rating these hypotheses and inferring their properties, and testing the 
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hypotheses. He did not propose an invariant sequence of stages but recog­
nized that sometimes a person may condense two or three steps into one, or 
reverse the order of two steps. He insisted that the phases were all 
reasonable and necessary features of problem solving behavior. 
According to Wertheimer (1959), the Gestalt approach examines the 
specific processes that underlie problem solving. This close attention to 
psychological processes is what is omitted from the training-oriented 
tradition. There are similarities in the Gestalt accounts of perception 
and problem solving. In each case something is presented whose identifi­
cation depends upon its being organized into a coherent structured whole 
by processes in the organism. These internal processes may produce 
alternative organizations. They distribute prominence to different parts 
in a figure-ground effect that in problem solving is called insight into 
the structure of a problem. 
The Gestalt approach emphasized the structure of a problem and the 
reorganizational process. Gestalt researchers traditionally employed com­
plex situations that required some analysis to derive an accurate identi­
fication of the problem. More clearly than the training-oriented work, 
the Gestalt research has shown the central importance of the problem 
definition process (pp. 234-235). 
Field theorists and Gestalt theoreticians such as Tolman, Lewis, 
Kohler, Wertheimer and Katona emphasize the central role of reorganization 
of ideas eventuating in insight. According to them, the achievement of 
insight depends solely on the structure of the problem, and Is an all-or-
none phenomenon essentially discontinuous with prior unsuccessful trials 
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in a given problem solving experience. A more recent approach to problem 
solving is information processing. 
The information processing approach aims at an analysis of the in­
ternal processes that are important for solving problems, and takes the 
form of a sequence of steps that will lead to a solution. This approach 
has introduced a variety of heuristic techniques for generating alterna­
tives, reducing the number of alternatives to be searched and detecting 
and eliminating difficulties. A major contribution is the detailed 
analysis of the processes of generating and evaluating alternatives. In­
formation processing theories appear to assume that the individual proc­
esses of generating and evaluating alternatives can be studied in isola­
tion. 
The first step or identification of the problem is a basic part of 
problem solving. Theories which omit problem definition activities must 
be incomplete and potentially distorted accounts of the entire process 
since problem identification often interacts with the search for solu­
tions. Problem identification is closely related to the issue of motiva­
tion because people experience needs, and problem solving is a recognition 
of and response to these needs. Solutions are recognized primarily by 
their effect on these needs. Human problem solving takes place in a real-
world context, which provides a source of external evaluation, a means of 
validation and a wide range of problems that can be modeled. 
All schools of psychology accept the fact that behavior in a problem 
situation has a directed character. Psychologists of the various theo­
retical persuasions recognize the selective character of behavior in the 
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face of problems, though their explanations as to the process and the 
method of selection are unlike. Thorndike (1914) provided for the direc­
tion of behavior in his concept of mental set: Mental set determines both 
what responses are made in the problem situation and what responses will 
be satisfying or annoying. 
Thorndike (1950) summarizes the view of most experts in the following 
description: 
Problem solving is the attack upon problematic situations for 
which the individual has no ready-made response pattern. By 
its very nature, it is complex and variable behavior. The indi­
vidual brings to bear upon the problematic situation, in varying 
combinations, the knowledge, skills and methods of attack which are 
are at his command, (p. 215) 
He claims that there is no simple pattern or routine of problem solving 
which can be isolated and taught as a simple unitary skill. Rather prob­
lem solving is an integration of a host of more particular knowledges, 
skills and attitudes with which the educator can appropriately be con­
cerned. 
Agreement on the directed character of problem solving behavior was 
noted by Pratt (1928) in his summary of experimentation in this area and 
in 1950 Brownell reported that nothing since that date has led to any 
disruption of this agreement. On the contrary, experimental research in 
the intervening years has served only to confirm this conviction. 
In this classic Study, "On Problem Solving," Karl Duncker (1945) 
states that a problem arises when a living creature has a goal but does 
not know how this goal is to be reached. He also tries to answer ques­
tions about how the solution of a problem is attained. Duncker did not 
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employ the experimental paradigm but his methods yielded information about 
human thinking that might be unobtainable in a formal laboratory setting. 
A favorite technique was to present individuals with a problem and 
let them describe their thought processes as they worked toward a solu­
tion. As the person would think aloud about the problem, Duncker could 
tell when he was fixated on an incorrect approach or was departing from 
the demands of the problem. The provision of subtle hints would often 
help the individual get started toward the right solution. 
This method, used successfully by Duncker, is somewhat similar to 
the clinical interview used by Piaget in 1929 when studying the thought 
processes of young children. The technique lends itself well to indi­
vidual diagnosis of pupils' difficulties in solving problems. According 
to Duncker (1945), the essence of the problem is that the problem-solver 
must be able to visualize the gap between the given situation and desired 
goal. When the gap is perceived, it is necessary to search for appropri­
ate solutions. Problem solving requires adaption or new uses for materi­
als and tools which are familiar to the individual. 
Several years later. Bloom and Broder (1950), in their monograph, 
"Problem Solving Processes in College Students," stressed the importance 
of the analysis of mental processes rather than mental products. They 
contended that much can be learned about process factors in influencing 
problem solving by comparing the respective performances of successful and 
unsuccessful problem solvers. 
Bloom and Broder (1950) claim that successful problem solvers flound­
er less and are more decisive in choosing a starting point. This may 
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reflect greater attention to the comprehension of the direction. Success­
ful problem solvers focus more on the problem to be solved than on some 
irrelevant aspect of the problem. They use the relevant knowledge they 
possess, perceive more clearly the implications and applicability of their 
knowledge to the problem at hand, and are less confused by a change in 
wording or notation. They exhibit a more active and vigorous search and 
apply solutions from previous problems less mechanically. Successful 
problem solvers are more careful and systematic in their approach and tend 
to follow through a line of reasoning to its logical conclusion. They are 
more persistent in their performance, more positive in their attitude, 
more self-confident in their ability to solve problems, and more objec­
tive and impersonal in their approach to problem solving (pp. 25-33). 
In his list of eleven practical suggestions for developing ability in 
problem solving, Brownell (1942) points out that skill in problem solving 
is partly a matter of technique and partly a matter of meanings and under­
standing. The meanings and understanding essential to the successful 
solution of problems cannot be given to the learner. Like the techniques 
of problem solving, they must be carefully developed through a wide 
variety of appropriate experiences. Practice in problem solving should 
consist of the solution of different problems by the same techniques and 
in the application of different techniques to the problems. A problem 
solving attitude, an inquiring and questioning mind, is a desirable char­
acteristic. The attitude is produced by continued experience in solving 
real problems, the consequence of which is that the learner comes to ex­
pect new problems and look for them. 
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Brownell, making further investigation of problem solving, this time 
with Hendrickson (1950), noted three observations about problem solving 
ability. Problem solving is initiated by the existence of a problem; 
success in problem solving is dependent upon one's having the requisite 
background of arbitrary associations, concepts, factual knowledge and 
pertinent generalizations; and success is also dependent upon one's having 
an effective procedure or method of attack (p. 119). 
Maltzman (1955), Cofer (1957) and Kendler and Kendler (1962) are 
educational psychologists with a "stimulus-response" orientation who are 
active in the area of problem solving. Anderson (1965), who provides a 
behaviorist view of problem solving, claims that though it may sometimes 
be quite complex, problem solving behavior is essentially the same as 
other kinds of behavior and like other forms of complex behavior, can best 
be understood as a union of elemental stimulus-response (p. 284). 
Presumably, three processes are sufficient to account for the coordi­
nated, purposeful character of some problem-solving behavior. They are 
discriminative control of problem-solving behavior by task cues, control 
of behavior by response-produced cues, and selection of forms of behavior 
by reinforcement. If there is an orderly relationship between the con­
tingencies of reinforcement operating during problem solving and the cri­
teria for problem solution, then the problem-solving episode is a sort of 
microscopic natural-selection process (p. 285). 
A psychological perspective which relates mental set to problem 
solving is Guilford's (1959) model of human intelligence. He has used the 
mathematical tool of factor analysis to derive the model so his concept of 
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intelligence is closely related to present techniques of measurement. 
Guilford's model is a three-dimensional matrix in which each cell, a 
specific mental ability, is at the intersection of operation, content and 
product. 
When Guilford's model is analyzed, his distinction between divergent 
and convergent thinking has major implication for training in problem 
solving skills. Convergent thinking consists of a search for the one 
correct or most appropriate answer to a problem. Guilford has asserted 
that traditional intelligence tests concentrate on memory and convergent 
thinking but tend to neglect divergent thinking abilities. It has been 
suggested that highly creative children rank high in divergent production 
of ideas and this characteristic may result in lower performance on con­
ventional measures of intelligence. On the basis of Guilford's work, it 
should be possible to train learners in ways to minimize undesirable sets 
in problem solving. 
Ausubel (1968) defines problem solving as any activity in which both 
the cognitive representation of prior experience and the components of a 
current problem situation are reorganized in order to achieve a designated 
objective. He indicates that such activity may consist of more or less 
trial-and-error variation of available alternatives or of a deliberate 
attempt to formulate a principle or discover a system of relations under­
lying the solution of a problem (insight). Not only is insightful solu­
tion frequently a reflection of transfer or application of relevant estab­
lished principles to new variation of the same problem, but transfera­
bility itself is perhaps the most important criterion of insight. Pre­
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cisely verbalized understanding of a general principle aids in finding 
solution of sample problems in which the principle is found. 
Insight can be thought of in terms of product or process. As prod­
uct, insight refers to certain distinctive characteristics of the end-
result of meaningful problem solving. As process, it refers to a dis­
tinctive method of, or approach to, problem solving. According to Ausubel 
(1968) some of the more independent-minded educational psychologists in 
the progressive education camp were attracted by the greater emphasis in 
cognition and insightful problem solving which characterized most Gestalt 
theorists. 
Except for its overemphasis in the structural aspects of the problem 
and its view of insight as an all-or-none emergent, the Gestalt formula­
tion of problem solving is consistent with the cognitive view of problem 
solving adopted by Ausubel (1968) who asserts that independent problem 
solving is one of the few feasible ways of testing whether students really 
comprehend the ideas they are able to verbalize. This point of view is 
not contrary to his basic assertion that expository teaching is the most 
efficient method of transmitting information from teacher to learner. In 
fact it is supported by numerous studies which point out that there is no 
single method which is best for every situation, every subject matter 
area, every student and every teacher. The method to be used must be 
carefully selected with that particular set of circumstances in mind. 
Problem solving consists of two interacting processes: the on-going 
identification of needs, and the search for procedures to satisfy these 
needs. Klein and Weitzenfeld (1976) claim that the functioning of a 
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problem solver is divided into three subsections: problem identification, 
generation of alternatives, and evaluation of alternatives. These are not 
sequential stages since each process interacts with the other two. The 
identification of a problem is the recognition that certain needs exist 
and must be acted upon. It determines the alternatives that will be gen­
erated as well as the criteria used to evaluate these alternatives. The 
way a problem is understood is the set of criteria used to evaluate the 
alternatives. Similarly, the properties of the problem that are inferred 
during the evaluation process are the basis of problem identification. 
In describing the subsection concerned with the generation of alter­
natives, Klein and Weitzenfeld (1976) state that the discovery of proce­
dures that can satisfy the solution criteria appears to occur in three 
different ways. First, the procedure can be located directly in long-term 
memory. The simplest way to produce a procedure that will satisfy the 
solution criteria is to retrieve a procedure already known. Any complete 
theory of problem solving must include a theory of recall, and of the 
factors that facilitate or inhibit it. Second, the procedure can be de­
rived through rules of inference. Using analogical inference, the prob­
lem solver may retrieve a previous situation which, because of its simi­
larity to his present situation, can suggest procedures and generally 
guide his behavior. Third, combinatory techniques for discovery can be 
used. Combination processes vary a set of existing procedures along a set 
of relevant dimensions. Different fields of inquiry have different spe­
cific permutation processes, varying in the degree of generality. When 
generation techniques fail to produce an acceptable procedure, there is a 
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technique for unblocking the generation process; delete some of the solu­
tion criteria and begin generating again. This type of deletion is essen­
tially the same process as analogical classification and brainstorming. 
Evaluation consists of matching the solution criteria to the proper­
ties and inferred consequences of each alternative procedure. The goal of 
evaluation is to select the procedures that can best satisfy the solution 
criteria. The application of inferential processes to procedures that 
fail may determine properties that are necessary for acceptable solutions. 
Analysis of failures may also allow the problem solver to discover errors 
in inference (pp. 12-13). 
Few studies have been undertaken concerning problem solving in which 
it has been compared as a method of instruction to other methods of in­
structions. Researchers have done extensive study concerning the process 
of problem solving such as the investigation by Rimoldi concerning the 
reasoning of medical students. 
In order to appraise problem solving processes in an objective man­
ner, Rimoldi (1950) devised a procedure to study the kind of questions 
that a subject asks in order to solve a problem. According to Rimoldi, 
asking questions was equivalent to requesting information that the subject 
would like in order to reach the solution to a problem. In a study of 38 
medical doctors at Princeton Hospital, Princeton, New Jersey, each subject 
was presented with a brief statement of a problem that he was requested to 
solve. He was shown a set of questions from which he selected those that 
he considered necessary and sufficient in order to find the proper solu­
tion. 
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The information and the questions were controlled by the experi­
menters for matters such as content, wording, ambiguity and amount of in­
formation. A great variety of problems can be presented using this tech­
nique but it has been used mostly to study medical diagnostic skill. 
The following quantitative information was obtained: number of 
questions asked by each subject, frequency with which a given question was 
asked by members of the group, order in which these questions were asked, 
time taken to complete the test and correctness of the final answer. If 
the subjects were carefully observed and instructed to verbalize during 
their performances, qualitative statements were obtained in relation to 
each particular discrete operation performed in the solution of the test. 
It was found that with increased medical training their selections became 
more sharply defined, both in terms of statistical levels of significance 
and in terms of appropriateness of the question. 
Most of the studies concerning problem solving such as the ones by 
Chawhan and Anderson compared two methods of instruction. 
Chawhan (1973) conducted a study at the University of Missouri-
Columbia to ascertain the effects of Treatment TP (prerequisite princi­
ples) and Treatment TC (conceptualization) on cognitive achievement of 
high school students varying in problem solving ability. Treatment TP was 
designed according to Gagne's hierarchy of learning, whereas Treatment TC 
was modified to include examples, analogies, mediators and cues to facili­
tate conceptualization. A sample of 80 high school students which was 
composed of the 33% with top problem solving ability scores and 33% with 
low problem solving ability scores, was selected and randomly assigned to 
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the two treatment groups. The scores on a final test of cognitive 
achievement served as the criterion measure of students' achievement. 
The analysis of the data indicated that students in Treatment TP and 
Treatment TC did not differ significantly in problem solving cognition. 
A significantly higher level of cognitive achievement was recorded for 
students with high level of problem solving ability as measured by the 
cognitive achievement test of the final task. Chawhan suggested that the 
significantly superior problem solving cognitive achievement of the stu­
dent with high problem solving ability indicates that a student's general 
ability to perceive problems, his originality and flexibility may be fac­
tors which should be considered by educators involved in preparing learn­
ers for problem solving ability. He pointed out that students with low 
problem solving ability benefited more in Treatment TC, therefore more 
examples, analogies, mediators and cues should be provided in order to 
allow attainment of higher levels of cognitive achievement. 
Anderson (1965) described a study with results that are contrary to 
the prominent developmental theories. A training procedure employing pro­
grammed instruction techniques was used to teach high IQ first graders to 
solve problems by varying each factor in succession while holding all 
other factors constant. Sixty subjects were divided into two groups. One 
group was given three 20 minute periods of training over a 9 week period 
to provide guidance and practice in solving problems similar to those in 
the performance measurement; the second group received no training. 
Scores on three sunsnary measures of problem solving were obtained in 
a content analysis of the problem solving protocols. The sum of ineffi­
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cient, redundant and repetitious trials constituted the first measure: 
number of unnecessary trails. The sum of inconsistent, consistent but 
invalid, and bizarre statements about the concept constituted the second 
measure: number of invalid conclusions. Number of solutions was the 
third measure of problem solving. 
Anderson (1965) reported that the performance of the training group 
was distinctly superior to the performance of the control group on prob­
lems presented to measure retention; the training group also solved more 
transfer problems than the control group. No significant effects appeared 
in the study due to sex or order of presentation of tasks. He concluded 
that bright children can acquire, retain and transfer rather complex and 
advanced problem solving skills when presented with suitable training. 
Problem Solving Model 
The problem solving instructional strategy is a hierarchically-
ordered sequence of cognitive processes. Beginning with the low level 
cognitive skills such as identifying and elaborating upon the relevant 
stimuli and cues the learner progresses to the higher level cognitive 
skills of inference and generalization. 
Several authorities have reported similar steps to the problem 
solving process. Most use five steps but occasionally four or six steps 
are defined in the formal description of the successive steps involved in 
the thinking process. 
John Dewey's (1910) account which was discussed earlier has not been 
appreciably improved upon over the past 65 years. The five stages he 
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described began with a state of doubt, cognitive perplexity, frustration 
or awareness of difficulty. The second stage was an attempt to identify 
the problem, including a rather nonspecific designation of the ends that 
are sought, the gap to be filled or the goal to be reached, as defined by 
the situation that sets the problem. The next stage involved relating 
these problem-setting propositions to cognitive structure, thereby acti­
vating relevant background ideas and previously achieved proclem solutions 
which, in turn, are reorganized in the form of problem solving proposi­
tions or hypotheses. The fourth stage was composed of successive testing 
of the hypotheses and reformulation of the problem, if necessary. The 
final stage outlined the incorporation of the successful solution into 
cognitive structure and then applying it both to the problem at hand and 
to other exemplars of the same problem. 
Following is a chronological description of seven approaches which 
are generally similar but vary in their application, number of steps or 
description of the stages. 
Parker (1923) suggested that guidance of learning to solve a particu­
lar problem may take the form of the following activities: help the 
learners to formulate the problem clearly; see that they keep the problem 
continuously in mind; encourage them to make many suggestions by having 
them analyze the situation, recall similar cases and the rules or princi­
ples of solution which there applied, and guess courageously; get them to 
evaluate each suggestion. This involves maintaining a state of suspended 
judgment, criticizing the suggestion by anticipating objections and con­
sequences and verifying the conclusions by appeal to known facts, minia­
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ture experiments and authorities; and have them organize their process of 
solution by building outlines, using diagrams and graphs, taking stock 
from time to time, and formulating concise statements of the net outcomes 
of their activity. 
Bloom (1956) equates problem solving with "application" which is the 
third level of the six in the hierarchy of learning. The six step ap­
proach which he describes is; present problem to student, restructure the 
problem, classify the problem, select method suitable to problem type, use 
abstractions to solve problem and solve the problem (p. 120). 
Woodruff (1961) describes a four level arrangement of the mental 
processes in learning and their related processes in teaching. At level 
A, the teacher shows and the learner perceives the actual external 
référants. At level B, the teacher discusses and the learner conceives. 
At level C, the teacher applies and the learner tries out, which is appli­
cation for concepts and practice for skills. At level D, the teacher 
guides original thinking and the learner exhibits analysis and creation 
(pp. 126-127). 
Creative problem solving is a well-known, much used tool of indus­
trial engineering. The five steps described by Barnes (1964) are useful 
in the logical and systematic approach to solving almost any problem: 
problem definition, analysis of problem, search for possible solutions, 
evaluation of alternatives, and recommendation for action (pp. 4-5). 
Over the years, educators have used variations of the process of 
creative problem solving. The Parnes (1967) Model is recognized as having 
general application. It has been used extensively as an instructional 
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plan at the Annual Creative Problem-Solving Institute in Buffalo, New 
York. The five steps outlined in this process are: fact finding, problem 
finding, idea finding, solution finding, and acceptance finding. 
Guilford (1967) outlined a similar five step process which differs 
from the others in that it is cyclical in design and makes provision for 
information input and for evaluation of each successive step. The steps 
he uses are; attention aroused, problem sensed, answer generated, new 
information obtained, and new answers generated. 
Lehrer and Schimoler (1975) assert that the problem solving model is 
conceptualized as a five stage information processing sequence in which 
the learner proceeds from the basic data gathering stages, defined as 
labeling and detailing to the development of higher order cognitive skills 
represented by inferences, predictions and generalizations. The role of 
the teacher is to guide the learner through these five stages by posing 
questions to elicit relevant cues and by bringing into perspective informa­
tion which is relevant to the problem under consideration. 
Independent Study 
The body of knowledge is continuously growing. For adults who are 
employed full time and do not reside near a source of continuing educa­
tion, some alternative means of finding a source of new information must 
be made available. Self-instructional or independent study materials may 
be one way of providing a feasible solution to this problem. 
Independent study was defined in the National University Extension 
Galaxy Conference (1969) as "a teaching-learning process in which the 
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student studies primarily in a nonclassroom situation remote from and 
independent of direct, sustained face-to-face contact with the professor 
during the duration of the course" (p. 5). 
The two basic forms of self-instructional materials are programmed 
instruction and home study lessons or modules. Differences between the 
two are noted in the amount of information presented in each step and the 
method of feedback. Both forms need to have clear, concise objectives, 
both allow the learner to proceed at an individual learning rate, both 
provide for active participation by the learner, and both allow for learn­
ing what is motivated by success. The choice of format is dependent on 
the situation of the learner. 
Programmed instruction 
Programmed instruction is a systematic way of presenting instruc­
tional material using a series of small steps each of which conveys a 
single concept. The way in which the material is presented to the learner 
may vary. The mode of response may be either multiple-choice or con­
structed- response. The sequence of frames may be either linear or branch­
ing. The first programmed materials were developed for use with teaching 
machines. 
According to Rosen and Mesics (1963), teaching machines were first 
discussed by Dr. Sidney Pressey at the American Psychological Association 
meetings held in 1924 and 1925. A multiple-choice response, linear pro­
gram primarily intended as a testing device was developed for use with the 
teaching machine. 
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During the 1950's. Skinner (1968) and his associates at Harvard 
University developed the original constructed-response, linear programs. 
In this type of program, the subject matter is broken down so that a 
single idea is presented in each frame. Each learner works through the 
entire sequence of frames and actively responds to the material presented 
in that frame by writing a response in the proper place. Learning occurs 
both through the writing of the correct response and through the immediate 
reinforcement of knowing it was a correct response. 
Much attention over the last twenty years has been given to pro­
grammed instructional material. Among those who have developed procedures 
is Markle. In one of several publications Markl = .. Eigen and Konoski 
(1961) claim that programmed instruction brings into the classroom effec­
tive and efficient techniques developed by experimental psychologists for 
teaching complex behavior. They claim that knowledge of results facili­
tates learning. The correct answer is given to confirm the response of 
the student that was correct and to inform the student who was Incorrect 
or careless (pp. 2-4). 
Hughes (1962) describes a multiple-choice, branching program as that 
in which each student determines the sequence of frames by the response to 
multiple-choice questions. If the correct response is selected, the 
learner is directed to another page containing new informational material. 
If an incorrect response is selected* the learner is shown why the re­
sponse is incorrect, referred back to the original material, and given 
anotner opportunity to answer it correctly. This continues until the 
correct response is selected and the learner is directed to another page 
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containing new informational material (p. 82). Proponents of the branch­
ing technique claim that it is the only method that takes into account 
individual differences in rate of learning. 
In spite of the attention given to programmed instruction, this study 
does not deal with programmed instruction in the traditional sense. It is 
concerned with home study lessons or modules. 
Home-study lessons or modules 
Home-study lessons are self-contained modules which are designed to 
be independent study units, often used as correspondence courses. 
Wedemeyer (1971) reports that in 1856, Toussaint and Langenscheidt 
formed a unique school for teaching distant students—by correspondence. 
The Toussaint-Langenscheidt method was the basis of a form of in­
dependent study for the external learner that spread throughout 
the world and is known by a variety of names: correspondence 
study, home study, correspondence courses, correspondence instruc­
tion, teletuition, postal tuition, correspondence education, and 
(more recently) independent study, (p. 549) 
Wedemeyer (1971) offers the following definition of correspondence study: 
In correspondence study, as in most learning situations, the 
teacher bears the responsibility of imparting knowledge and skill 
to the student. The teaching technique is based upon the princi­
ples and procedures found in any teaching-learning situation: 
learning is done by the student, but it progresses more effi­
ciently if guidance is provided. In correspondence study, this 
guidance is made available through dispatched communication be­
tween teacher and pupil. Correspondence study is personal tutor­
ing carried on by mail and other forms of communication (for 
example, visuals, recordings, radio, television, and speaker-
phone) because teacher and student are separated, (p. 549) 
Kelly (1967) explained that correspondence study takes place when a 
student, following detailed instruction- proceeds through a sequence of 
assignments. At the completion of the assignment, learning is demon­
strated by examination or display of skill. The completed lesson is 
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returned to the teacher for evaluation. Comments and constructive criti­
cism by the teacher provide positive reinforcement to the learner. The 
pace at which the lessons are completed is dependent upon the individual 
learner. 
According to Wedemeyer (1971), correspondence study is based on the 
principles and procedures found in any teaching-learning situation. 
Learning is done by the student with guidance provided by the teacher 
through dispatched communication. The study guide provides direction to 
the learner. It orients him to learning, sets objectives, provides con­
tent structure, organizes learning experiences, motivates learning, sup­
plies information, and initiates the evaluative process by which the 
learner can assess progress. 
Research studies generally focus on a comparison between self-in­
structional materials and the traditional method of teaching, or exposi­
tory teaching, sometimes used in combination with laboratory or discussion 
experience. 
Lefebvre (1973) evaluated the effectiveness of independent study in a 
social-psychological aspects of clothing course at Iowa State University 
as compared to the same course taught by the lecture-discussion method on 
campus. The experimenter was the instructor for all five groups in the 
study: on-campus lecture-discussion; on-campus independent study; off-
campus independent study; an undergraduate nontreatment control group and 
a graduate treatment control group. The sequence of presentation and the 
course content for the three week study were the same for all groups. Each 
student in independent study was provided with a study guide, a suggested 
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schedule and an assignment to be mailed in, but were not given specific 
instructions on how to study independently. The lecture-discussion groups 
were taught by the traditional method of lecture and discussion for two 90 
minute class periods per week, for three weeks. Students were encouraged 
to ask questions and share in discussion. The retention test was ad­
ministered five weeks after the posttest for on-campus students and three 
weeks after the posttest for off-campus students. 
Four criterion measures were used: cognitive gain, retention, gen­
eral acceptance of the course, and positive affective behavior. It was 
concluded that with the exception of retention of course material, which 
was low regardless of method, those in independent study did as well as 
those in lecture-discussion and in terms of acceptance of the course, 
independent study rated higher, though not significantly higher, than the 
lecture-discussion method. Those students taking the independent study 
course by correspondence did as well in terms of cognitive gain as those 
students on campus. 
Accacio (1971) compared the effectiveness of a self-study program and 
a short course training program for school food service managers. Three 
subject matter areas were included: nutrition. Type A lunch and menu 
planning. The 61 participants were divided into three groups: 21 mana­
gers were given the self-study materials, 21 managers received the five 
day short course, and 19 managers made up a control group who received no 
training. At the beginning of the study, the short-course, control, and 
self-instruct!on groups were comparable in length of experience in food 
service, level of education, age and aptitudes. A pretest and posttest 
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battery of eleven subject matter evaluation instruments was administered. 
Five subsets of the General Aptitude Test battery were administered to 
obtain data on scores for intelligence, clerical perception, verbal, 
numerical and spatial aptitude. 
There was a significant difference in knowledge gain of the self-
study and the short course groups as compared to the no-training control 
group. There was not a significant difference between the two groups who 
received training, therefore the two methods were determined to be equally 
effective. 
It was found that managers with a lower education level used more 
time with the self-study materials but length of study time had no rela­
tionship to performance. 
The overall attitude of the participants toward the self-instruction-
al package was favorable. Participants felt it was convenient and pro­
vided new information. Some of the objections were the absence of an in­
structor to explain questions, having to learn how to study, and doing the 
time chart. Most of the participants expressed a desire for further 
training in other areas by programmed instruction. 
Accacio'sworkwas with school food service people, one of the large 
groups of nonprofessionals. Her study was a formal comparison of the 
effectiveness of training food service workers. The idea of training em­
ployees has been a concern of professional groups for many years. 
At least 30 years ago the American Dietetic Association recognized 
the need to train nonprofessional food service workers. Since 1952 spe­
cial committees of The American Dietetic Association (ADA Report, 1965a,b) 
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have been concerned with training and have published outlines for didactic 
instruction and supervised experience. The first course was offered in 
the vocational school system in Cleveland and was a cooperative effort of 
the local and state dietetic associations, hospital administrators and the 
public school system. Since that first course, programs have been offered 
as adult education in vocational high schools, as short courses in state 
colleges and universities, as two year programs in junior and community 
colleges, as in-service training in large institutions and as correspond­
ence courses. 
The history of the training of food service supervisors is described 
by Van Home (1966) and The American Dietetic Association Report (1965b). 
According to Van Home, The American Dietetic Association Correspondence 
Course for Food Service Supervisors and the Pennsylvania State University 
Course were the only two national correspondence courses for food service 
supervisors. 
In April 1964 The American Dietetic Association course was estab­
lished and was opened to states where there were ten or more students, a 
coordinator to work with the director at The American Dietetic Association 
headquarters and a member of the state dietetic association to work with 
each student as a preceptor. Each of the 18 lessons contained learning 
activities, a written summary of the activities and a review test which 
were to be completed as a unit and mailed to the course director before 
proceeding to the next lesson. After correcting the lessons, the director 
returned them to the student with comments and suggestions. At the end of 
the course the dietitian and administrator prepared evaluation forms which 
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together with the course director's record qualified the student to re­
ceive a certificate of completion. 
A one year course at Pennsylvania State University was described by 
Konhauser (1970), the coordinator. The formal instruction was combined 
with practical on-the-job experience so that the Pennsylvania course was 
patterned after The American Dietetic Association guidelines. 
Jernigan (1970) described the home study program of the Iowa State 
Department of Health for food service employees in Iowa. The on-going 
program is an effort to help as many as possible of the food service em­
ployees in the 650 health care facilities in Iowa, especially those where 
a dietitian is not employed. The students are motivated by their desire 
to learn more about their jobs, the interest of their administrators and 
the encouragement of the health department consultant nurse who visits the 
facility. When the student completes a course, a certificate is pre­
sented, a press release is sent to the local newspaper and often special 
recognition is given in the facility. 
According to Jernigan (1978) there are now six home study courses: 
modified diets, food preparation, food purchasing, sanitation, work sim­
plification and food service management. The present study was patterned 
after this series of home study courses and the sample included many of 
those food service employees who had participated in one or more of those 
courses. 
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METHOD OF PROCEDURE 
The major objective of this study was to compare the performance of 
learners on a written test when the subject matter was presented using two 
different methods of instruction: expository and problem solving. 
Hypotheses tested to achieve the objective of the study were: 
1. There is no significant difference in achievement test scores 
for students as a result of receiving instruction in the metric 
system of measurement. 
2. There is no significant difference in achievement test scores 
for students receiving the expository and problem solving 
methods of instruction. 
a. There is no significant difference in the achievement test 
scores measuring ability at the knowledge and comprehension 
levels for students receiving the expository and problem 
solving methods of instruction. 
b. There is no significant difference in the achievement test 
scores measuring ability at the application level or above 
for students receiving the expository and problem solving 
methods of instruction. 
3. There is no significant difference in achievement test scores 
for students receiving the expository and problem solving methods 
of instruction as a result of age, education, presence of chil­
dren in the home, and facility of employment. 
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Content presented in this chapter includes a description of the 
preparation of the learning modules and the evaluation device, the popula­
tion and procedure for sample selection, the pilot testing, the experi­
mental design, data collection and data analysis. 
Development of the Learning Modules 
Several steps were involved in the development of the lesson series. 
They were: 
Selection of subject matter 
Determination of course objectives 
Selection of topics and generalizations 
Definition of method of instruction 
Selection of technique of presentation 
Preparation of lessons 
Selection of subject matter 
In studies of instructional method, or in studies relying on teaching 
of selected materials, attention to the subject matter for the tests is 
required. Minimal criteria are the subject matter be new to the learners, 
it is likely to be of interest to them and there is a sufficient number of 
learners available so a fair test can be made (Hughes, 1968, p. 45). 
Metric measurement was selected as the subject matter for this study. 
It is information which will be necessary for everyone to possess in the 
near future, thereby providing a built-in motivation. The Congress of the 
United States has enacted legislation which provides for the changeover to 
the metric system of measure. Some industries have nearly completed the 
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transition and others are in various stages of completion. The companies 
in the food service industry which were leaders in making the change were 
those in which positive steps were taken by management to provide policy 
statements, tools and equipment, supplies and training for their em­
ployees. In these companies the challenge was met and the employees were 
cooperative. This kind of experience supports the philosophy that people 
tend to resist the unfamiliar and that if a smooth changeover is to take 
place it is important for food service employees to be trained in termi­
nology and usage. Metric conversion will be complete not when products 
are metric, but when people are. Since at the present time adults have 
had little or no opportunity to learn this material, they provide oppor­
tunity for working with a relatively homogeneous population. 
Most of the material on the metric system that was readily available 
was concerned with either history, conversion from the customary system to 
metric or teaching of children. Although the history was interesting, and 
some is necessary to obtain a full understanding of the current situation, 
it was decided that only a limited time should be devoted to that. Since 
conversion relies on rote memorization of facts rather than the develop­
ment of problem solving abilities it was decided that conversion would be 
avoided in all areas except temperature. Because the population being 
studied was entirely adult, the material prepared for use with children 
was inappropriate. 
One of the studies which used the teaching of metric material to adults 
was done by Oppert (1974, 1975a,b,c). She prepared a programmed corre­
spondence course for home economics instructors. That material was deter­
52 
mined to be inappropriate for this study because conversion was emphasized 
which is contrary to one of the basic philosophies of this study. The 
application of principles to practice were related to the teaching of 
metrics to high school students rather than to the preparation of food 
products using metric measurements. The programmed instructional format 
presented problems in providing the same subject matter to all partici­
pants while separating the learning activities to reflect the expository 
and problem solving methods of instruction which were presented to the two 
groups. 
Determination of course objectives 
Clearly stated objectives provide the framework for the development 
of instructional materials. They describe the goals to be achieved 
through learning. The following are the general objectives for the entire 
course. Specific objectives for each lesson are a part of that lesson 
(see Appendix C). 
Upon completion of this course, the student will be better able to 
know the history of the customary and metric systems of measure 
understand the advantages and disadvantages of the change and 
how it will affect food service 
know the metric terms and prefixes, the amounts to which they 
refer and their symbols 
measure correctly using metric measuring equipment 
perform simple mathematical calculations using metric measures 
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apply correct metric terms and concepts to the appropriate 
situations 
incorporate the metric system into everyday use. 
Selection of topics and generalizations 
The topics and generalizations were the same for both methods of 
instruction. The six topics selected and each developed into a lesson 
were history, length, area, volume, mass and temperature. 
In the report of a National Project of the American Home Economics 
Association (1967) concerned with the identification of concepts and gen­
eralizations in home economics at the high school level, concept was de­
fined as a term used to refer to an abstraction representing the world of 
objects and events and as a means of organizing them into categories 
(p. 23). Generalizations express an underlying truth, have an element of 
universality, and usually indicate relationships. They help give meaning 
to concepts (pp. 23-24). According to the report, the generalization is 
based on objective data, on experience and/or on theory accepted by spe­
cialists in the field, and is expressed in terms which have clear and 
precise meanings. 
Using those criteria, generalizations were developed for the course. 
For each generalization, supporting facts related directly to the topics 
were identified. One of the generalizations which was developed states 
that adjustment to the metric system will result from continuous conscious 
awareness and use of metric measurements. One of the several supporting 
facts related to that generalization states that weighing recipe ingredi­
ents is more accurate than the volume method of measuring ingredients. 
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Other generalizations and their supporting facts are included in Appendix 
B. 
Content was judged by three experts in the use of metric measurement: 
the chairman of a national committee on metric usage, a psychology in­
structor and a mathematics instructor. They were asked to study the sub­
ject matter materials and learning activities and offer suggestions for 
additions, corrections and deletions. After all comments were received, 
revisions were made. 
Definition of modes of instruction 
Expository method of instruction is the straightforward presentation 
of facts, concepts and principles. The entire content of what is to be 
learned is presented to the learner in the final form. Knowledge and 
comprehension level objectives as defined by Bloom (1956) were used in 
preparing the learning activities. Questions and activities in the les­
sons were limited to those which required the student to recognize, re­
call, or demonstrate an understanding of information which had been pre­
sented in the printed material. Efforts were made to avoid learning 
activities which required the student to use application in completing 
the assignment. 
Problem solving method of instruction is any activity in which both 
the cognitive representation of prior experience and the components of a 
current problem situation are reorganized in order to achieve a desired 
objective. It requires adaptation or new uses for materials and tools 
which are familiar to the individual. It fosters formal, systematic 
thinking in which one starts with hypotheses, verbally presented, and 
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works through to a judgment by rigorous processes which are themselves 
entirely verbal. Application level objectives as defined by Bloom (1956) 
were used in addition to knowledge and comprehension level objectives in 
preparing the learning activities. Students were presented with problems 
similar to those they might encounter on the job and guided through the 
five steps of creative problem solving as defined by Barnes (1964) to 
reach a solution. Although some knowledge and comprehension were in­
cluded, efforts were made to provide learning activities which required 
the student to use application in completing the assignment. 
Selection of technique of presentation 
Independent study was selected as the technique of presentation be­
cause it can be used by an individual or a group, it can be started when­
ever convenient and carried out at the rate of speed most acceptable to 
the student, it can be done with minimum expense and without leaving the 
place of employment. All of these characteristics of independent study 
enhanced the motivation of the students to learn metric measurement and 
participate in this study. Several home study courses which were similar 
in nature but not in content had been well-received and successfully used 
by the consulting dietitians at the Iowa State Department of Health 
(Jernigan, 1978) for the past 12 years. 
Preparation of lessons 
For both modes of instruction, each lesson was composed of three 
parts: objectives, subject matter material and learning activities (see 
Appendix C). 
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Objectives were written at the levels indicated by the method of 
instruction. For the expository method, low cognitive level objectives 
were used while for the problem solving method, higher cognitive level 
objectives were prepared. Low cognitive level objectives were knowledge 
and comprehension level as defined by Bloom (1965) while higher cognitive 
level objectives included application or above. Bloom defined knowledge 
as "those behaviors and test situations which emphasize the remembering, 
either by recognition or recall, of ideas, material, or phenomena" (p. 
62). He defined comprehension as "those objectives, behaviors or re­
sponses which represent an understanding of the literal message contained 
in a communication" (p. 89). The communication may be presented in 
verbal, pictoral, or symbolic forms on paper. Application requires that 
"given a problem new to the student, he will apply the appropriate ab­
straction without having to be prompted as to which abstraction is correct 
or without having to be shown how to use it in that situation" (p. 120). 
The subject matter material was the same for both methods of instruc­
tion. Material was presented in a narrative form with tables and illus­
trations included as needed to add clarity and meaning. 
Learning activities were based on the objectives which were deter­
mined for each method of instruction. Students were allowed to work indi­
vidually or in groups, with or without supervision, in the facility of 
employment or at home and at whatever speed they desired. 
The lessons and methods of instruction were judged by three teacher 
educators who were experts in instructional strategies and the taxonomies. 
After incorporating their suggestions for revision and refinement, the 
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lessons were judged to meet the criteria for expository and problem 
solving methods as defined for the study (see Appendix B). 
When the materials prepared for this study were published, the learn­
ing activities from both the expository and problem solving methods were 
intermingled following the subject matter material for each topic. For 
example, in lesson 3, learning activities 1, 2 and 3 are expository; 
activities 4, 5 and 6 are problem solving (see Appendix C). 
Pilot Testing 
The sample for pilot testing was secured through coworkers at an area 
community college. The food service students who constituted the sample 
had approximately the same interests and background as the proposed popu­
lation of food service employees. The subject matter material was pre­
sented to the whole class as a single group. The learning activities for 
the two methods of instruction were randomly assigned to the class so that 
each method was completed by one-half of the class. The students were in­
formed that the two groups had different materials and were asked not to 
read or examine the other material until the study was completed. At the 
conclusion of the study the class as a whole was given an explanation of 
the research and each group was shown the learning activities used with 
the other method of instruction. 
The pilot testing was done to check the acceptability of content and 
to determine the approximate amount of time needed to complete the six 
lessons in each of the two methods of instruction. It was found through 
discussion that the food service students were very interested in learning 
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the metric system and how it would affect their work. Many of them ad­
mitted after they completed the lessons that they had been apprehensive 
about the conversion to metrics prior to the study but were more confident 
now that they had learned the basic units and their application to food 
service. 
It was found that the learning activities for the problem solving 
lessons required more time than for the expository lessons. As a result, 
some of the problem solving learning activities were revised to shorten 
them and in the two lessons requiring the most time, an entire activity 
was eliminated. Even with these adjustments it required more time to 
complete the problem solving lessons but it was decided that to further 
reduce the amount of activity would adversely affect the quality of learn­
ing. 
Subsequent to this test the lessons were used as inservice training 
with a group of 12 food service employees who were taken from the popula­
tion used for the study. Some minor changes were made as a result of 
questions and requests for clarification. After these few changes had 
been made it was decided that the lessons were ready for distribution to 
the sample. 
Population and Selection of Sample 
There are more than 5000 food service employees in health care 
facilities in Iowa. The majority of these people cannot or will not leave 
their places of employment to obtain the additional training they need to 
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improve their skills and learn what they need to know to optimize the 
dietary care provided to the patients in health care facilities. 
The law provides that dietary departments must be under the super­
vision of a qualified person. To become a qualified supervisor, one must 
be a registered dietitian who has met requirements for registration with 
The American Dietetic Association, a dietetic technician who has com­
pleted an associate degree program established according to guidelines 
from The American Dietetic Association or a food service supervisor who 
is a member of the Hospital, Institution, and Educational Food Service 
Society (HIEFSS). HIEFSS members have completed either the dietetic 
assistant program or the 90-hour training program which has been estab­
lished by The American Dietetic Association. To maintain membership they 
are required to earn ten continuing education hours per year. The metric 
course prepared for this study was granted ten continuing education hours 
(see Appendix A). 
Arrangement for conducting the study was initially made by contact­
ing the officers of the Iowa Hospital, Institution, and Educational Food 
Service Society. Time was made available at their annual meeting which 
was held at Ames, Iowa in May, 1977 and was attended by approximately 250 
members. A short presentation was given by the researcher to Introduce 
the topics, explain the purpose of the study, emphasize the importance of 
cooperation, answer any questions and distribute the materials to the 
participants. The history of the metric changeover was discussed and its 
effects on the work of food service employees was explained to stimulate 
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the group to be more interested in metric measurement and to allay their 
fears and doubts about the change. 
Each food service supervisor received an envelope which contained the 
purpose of the course and instructions for using the materials, a personal 
data sheet to collect information about each participant, the self-study 
materials, the learning activities, answers for the learning activities, a 
form letter and self-addressed envelope to return to the researcher and a 
30 centimeter metric measure. The complete package was distributed ran­
domly to the subjects. Participants were asked to fill out a card with 
name, address, facility and phone number. These were collected and used 
by the researcher to record which materials had been received: expository 
or problem solving. It was emphasized that it was the materials not the 
participants which were being evaluated. 
The final sample was composed of 221 food service employees in hos­
pitals and nursing homes. There were 61 who took the pretest before 
studying the lessons, 87 who were given the expository lessons and 73 who 
completed the problem solving lessons. 
Experimental Design 
The independent variable in this study was method of instruction: 
expository or problem solving. Additional possible reasons for variation 
in responses to the two different modes of instruction were age, educa­
tion, presence of children in the home and facility of employment. 
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Data for the study were from three sources: a group which received 
no training, a group which received training in the expository method of 
instruction and a group which received training with the problem solving 
method of instruction. 
Because of the researcher's previous association with the partici­
pants in a different capacity, that of dietary consultant with the Iowa 
State Department of Health in which capacity she administered similar home 
study courses to many of the participants and other food service em­
ployees, the external validity could have been in no way affected. In 
fact, many of the participants did not realize they were participating in 
a research study. 
Evaluation Instrument 
An achievement test was constructed to measure the performance of 
subjects on the metric material. 
Multiple choice items based on the objectives from the lessons were 
prepared and tested. A 20-item set of questions was prepared and ad­
ministered to four classes at an area community college to obtain informa­
tion about timing, acceptability and the kind and amount of instructions 
that would be needed. The classes in secretarial science, building 
trades, culinary art and medical secretary which were obtained through 
coworkers were similar to the population of the study in that they 
claimed little prior knowledge of metrics and exhibited some apathy for 
the need to learn about the metric system. 
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From the test it was found that about one minute was required to read 
and answer each question. This meant a balance would need to be achieved 
between a short test which would be acceptable to the subjects and a long 
test which would increase reliability. 
It was also found that it was confusing to the students to enter 
their answers directly onto the computer sheets. Several errors of this 
kind were discovered and corrected during the monitoring of the tests. 
For this reason it was decided to have the participants mark their choices 
directly on the test paper from which they would be transferred by the re­
searcher to the computer sheet. 
From the verbal instructions given at the beginning of the testing 
sessions, the additional instructions needed as problems occurred during 
monitoring and the comments made by the students, a written instruction 
sheet was prepared to accompany each test. The test was analyzed to de­
termine initial quality. 
Based on information obtained through the testing reported above, a 
set of 50 multiple choice items was prepared and tested. The items were 
selected for inclusion according to a table of specifications. The items 
were reviewed by three teacher educators who were experts in instructional 
strategies and the taxonomies. The items were judged by these individuals 
to be either the level of knowledge and comprehension or the level of 
application or higher. 
The test was administered to both groups who had participated in the 
pilot study of the learning modules after they had completed the lessons 
in order to obtain estimates of timing, difficulty in responding and 
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clarity of the questions. The results from the class of students in food 
service at the area community college were compared as a group to the re­
sults from the inservice group of food service employees at a hospital. 
The analyses of the 50-item test were done separately for the two groups. 
The means were 34.08 for hospital participants and 32.95 for community 
college students. The reliability estimate was .92 for hospital people 
and .79 for community college people. Difficulty index ranged from .17 to 
1.00 for the hospital group and from .24 to 1.00 for the community college 
group. The discrimination index ranged from less than .05 to .79 for the 
hospital employees and from less than .05 to .78 for the community college 
students. Because the reliability of both groups was sufficiently high 
and the item analysis showed consistency in items, the test was determined 
to be basically adequate after revisions based on the item analysis. The 
revisions included rewording some questions to clarify meaning and chang­
ing some distracters to make them more plausible. 
It was decided that a test composed of 34 items would be short 
enough to be acceptable by the participants and long enough to be relia­
ble. A table of specifications was prepared to determine the number of 
items at each level to be included for each major topic (see Appendix D). 
Some items were selected to be used without revision and some items were 
revised to improve the question or to raise or lower the level tested. 
The revised instrument was then judged by six educators who were 
experts in metric measurement, question construction or evaluation. Using 
the advice of the judges, a few minor adjustments were made to incorporate 
their suggestions. After the final revisions were completed the test was 
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judged ready to be administered. All participants in both methods of 
instruction received the same test. 
The participants were told that a test would be given at the comple­
tion of the course to assess what had been learned as a result of the 
lessons. The fact that results of the test did not affect the issuance of 
the certificate of completion or receipt of continuing education points 
was communicated to the participants at the beginning of the study. 
A short letter explaining the purpose of the test and directions for 
responding to the items was prepared and accompanied the instrument (see 
Appendix A). Effort was made to assure that each person worked inde­
pendently and without resource material on the achievement test. 
Test quality was based on an N of 162. For the 34 items in the 
instrument there was an overall mean of 24.32, making the mean difficulty 
level 71.529%. The standard error of measurement was 2.19; the standard 
deviation was 6.94. Reliability was estimated at .90 using the Kuder-
Richardson formula 20. The responses, difficulty index, standard devia­
tion and discrimination index are summarized in Table 4 in Appendix D. 
The score distribution is reported in Table 5 in Appendix D. Items 9 and 
17 were found to be very easy, with a discrimination index of less than 
.05, but were not removed or altered because it was considered advan­
tageous to have a few items that even the poorest students could answer 
correctly. To balance other items had a higher difficulty index than is 
usually acceptable. In every case, an item with a discrimination index 
above .40 had a standard deviation of .20 or above and was therefore 
judged acceptable. 
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Collection of Data 
Three types of data were collected in the study. They were evidence 
of metric knowledge prior to instruction, evidence of performance on an 
achievement test and personal data about the food service employees who 
participated. 
Data collected from the administration of the achievement test were 
transferred to a score sheet by an assistant to avoid error. The tests 
were scored by the Test Scoring Section of the Student Counseling Service 
at Iowa State University. 
To assess metric knowledge prior to instruction the achievement test 
was administered as a pretest to a portion of the population before the 
study packets were distributed. 
To assess performance on metric measurement as a result of learning 
from material in the study packet, the achievement test was administered 
to both the expository and problem solving groups (see Appendix C). 
To obtain personal data about the subjects a 7 item questionnaire was 
included in the packet. All subjects were requested to complete this form 
(see Appendix C). 
The study packets were distributed at the annual meeting of the Iowa 
Hospital, Institution, and Educational Food Service Society held at Ames, 
Iowa in May of 1977. The study packets were distributed randomly except 
that if more than one person from a facility or more than one facility 
employing a single dietary consultant were present, care was taken to give 
the participants from those groups the same materials to reduce confusion 
and avoid confounding the results. A total of 340 people were given study 
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packets, 170 received the expository materials and 170 were assigned the 
problem solving materials. The participants were asked to work at their 
own speed and use the materials in whatever way they preferred, individual 
study or group in-service training. 
When an individual or group completed all six lessons they returned 
to the researcher the personal data sheets and the form letter requesting 
the test. The test and an instruction sheet directing each person to work 
individually and without study materials was sent by return mail. When 
the test was returned it was combined with the personal data sheet, and 
assigned a six digit code or identification number. This information 
along with an identification of the method of instruction were transferred 
to a computer score sheet and punched onto computer cards for analysis. 
A certificate of completion was sent to each participant. 
A total of 221 responses was included in some phase of the statisti­
cal analysis. This cannot be compared directly to the 340 people who were 
given packets of material at the beginning of the study. In some facili­
ties a single packet of material was used by the food service supervisor 
as independent study resulting in a single achievement test score. In 
other facilities multiple copies of the material were made and distributed 
by a supervisor, dietary consultant or administrator to each of the food 
service employees producing as many as 12 achievement test scores as a 
result of a single packet of material. For this reason and because a 
predetermined cut off time for completion was established it is impossible 
to determine a percent of response as is reported in the traditional 
method of data collection. 
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Analysis of Data 
Three types of data were analyzed in the study. They were scores of 
a pretest used to measure metric knowledge prior to instruction, scores of 
an achievement test used to measure performance when the subject matter is 
presented by using two different methods of instruction (expository and 
problem solving), and personal data about the food service employees who 
participated. These data were divided for analysis according to the cate­
gories on the personal data sheet (see Appendix C). To avoid the effect 
of testing as a threat to the internal validity of the study, the pretest 
was administered to food service employees who were not included in the 
main study but who had the same background and characteristics as the 
other participants. 
Pretest scores were first compared by multiple regression to posttest 
scores of the people trained by both the expository method of instruction 
and the problem solving method of instruction. This analysis was explora­
tory in nature to ascertain if any differences did exist. There were such 
dramatic differences attributed to training that no further analyses were 
done using all three groups. 
The regression model used for the analysis by training was: 
Xij = U + 
where 
y = grand mean of treatment populations 
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a^. = effect of treatment i whether no training or training by the ex­
pository method of instruction or the problem solving method, 
which was a constant for all subjects with treatment population i 
E^j = experimental error which is assumed normally and independently 
distributed 
In a second series of multiple regression analyses, posttest scores 
from the portion of the sample which had received the expository method of 
instruction were compared to the posttest scores from the portion of the 
sample which had received the problem solving method of instruction. Pre 
test scores were not included in any of these analyses. 
A model with all variables was too large to process on the computer. 
Since interest was primarily in the effects of two methods of instruction, 
they were looked at in combination with each of the available variables to 
determine which were related. No significant difference could be attrib­
uted to the presence of children in the home or the age of the partici­
pant. Some differences were noted for education of the participant and 
facility of employment. Therefore only education and facility of employ­
ment were included in the analysis. 
The regression model used for the analysis by training, education and 
facility of employment was: 
Xijkl = U + *i + + Gk + "^ij + B^ik + ^ijkl 
where 
u = grand mean of treatment populations 
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= effect of treatment i whether the expository method of in­
struction or the problem solving method which was a constant 
for all subjects within treatment population i 
gj = effect of treatment j, the facility of employment which was a 
constant for all subjects within treatment population j 
= effect of education of the subject on achievement scores 
ag.j = effect that represents nonadditivity of a^. and 6^ which is the 
possibility of interaction of training and facility of em­
ployment 
aç-k = effect that represents nonadditivity of a. and which is the 
possibility of interaction of training and education 
Eijki = experimental error which is assumed normally and independently 
distributed 
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FINDINGS AND DISCUSSION 
The major objective of this study was to compare the performance of 
learners on a written test when the subject matter was presented using two 
different methods of instruction: expository and problem solving. 
To facilitate the achievement of this objective a series of lessons 
were developed using two different methods of instruction to teach the 
metric system of measurement to food service employees from health care 
facilities in Iowa. 
An instrument to measure achievement was developed to evaluate the 
learning of the metric information. The 34-item device was designed so 
that 18 of the items measured at the knowledge and comprehension level and 
16 items measured at a level judged to be application or higher. 
The analysis was divided into two parts. In the first section pre­
test scores on the achievement test were compared to posttest scores to 
determine differences which may have occurred as a result of training. 
The second section includes analysis of posttest scores on the achievement 
test in which method of instruction was the primary variable. Facility of 
employment, age, education, children and interactions of both primary and 
personal data variables were studied. A discussion of the findings is 
included in this chapter. 
Hypotheses 
The hypotheses tested to achieve the objectives of the study were; 
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1. There is no significant difference in achievement test scores for 
students as a result of receiving instruction in the metric 
system of measurement. 
2. There is no significant difference in achievement test scores for 
students receiving the expository and problem solving methods of 
instruction. 
a. There is no significant difference in the achievement test 
scores measuring ability at the knowledge and comprehension 
levels for students receiving the expository and problem 
solving methods of instruction. 
b. There is no significant difference in the achievement test 
scores measuring ability at the application level or higher 
for students receiving the expository and problem solving 
methods of instruction. 
3. There is no significant difference in achievement test scores for 
students receiving the expository and problem solving methods of 
instruction as a result of age, education, presence of children 
in the home, or facility of employment. 
Comparison of Pretest and Posttest 
The scores of the 61 food service employees who were given the 
achievement test as a pretest were compared with the scores of the 97 
participants who were given the achievement test as a posttest only after 
having completed the lessons by the expository method of instruction and 
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the 72 participants who were given the achievement test as a posttest 
after having completed the lessons by the problem solving method of 
instruction. 
Throughout the discussion of the findings of this study knowledge and 
comprehension level questions will be referred to as knowledge items, 
application and higher level questions will be called application items 
and the combined score of these two subsets will be called total. 
Using multiple regression analyses it was found that when testing for 
the effect of training, the primary variable of interest, achievement test 
scores differed significantly (p < .01) when comparing subjects with no 
training to subjects with training (see Table 1). These findings occurred 
for knowledge items, application items and total. 
Mean achievement scores and percentages of scores for the 18 knowl­
edge items, the 16 application items and 34 total are reported here for 
the no training group, the group who received training by the expository 
method of instruction and the group who received training by the problem 
solving method of instruction. 
Knowledge Application Total 
Mean score % Mean score % Mean score % 
No training 5.246 29.1 4.115 25.7 9.361 27.5 
Expository 13.598 75.5 10.333 64.6 23.931 70.4 
Problem solving 14.548 80.8 10.274 64.2 24.822 73.0 
On the basis of the data the first hypothesis is rejected. The dif­
ference between the scores of the group receiving no training and the two 
groups which received training was so large the variability from other 
sources was difficult to detect. To better understand the differences 
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Table 1. Summary of analysis of variance for knowledge items, application 
items and total for training compared to no training (N = 221) 
Knowledge Application Total 
Source® df MS F MS F MS F 
** ** ** 
T 2 1722.22 137.41 846.55 75.08 4968.75 118.40 
Error 218 12.53 11.27 41.96 
^The source of variance is identified as T = training. 
attributed to method of instruction, the group which took the achievement 
test as a pretest was eliminated from further analyses. All other com­
parisons were made between the achievement scores of the participants who 
had been taught by the expository method of instruction and those who had 
been taught by the problem solving method of instruction. 
The dietitian in one facility reported in private communication with 
the researcher that the employees in that facility had conducted daily 
drilling sessions in an effort to learn the material well and do an out­
standing job on the test. The mean achievement test score for this group 
was almost 32 out of a possible 34. It was decided to eliminate these 
subjects from the study because it was feared that these inflated scores 
would affect the findings. There were 11 participants in this group and 3 
who chose not to provide all of the requested personal data reducing the 
total N from 162 to 148. 
A model with all of the van\.o"ies included was too large to process 
on the computer. Since the variable of primary interest was training it 
was decided to look at the effects of training in combination with each of 
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the other variables separately to find out possible relationships. Those 
analyses which appeared to be related were studied further. Because no 
significant difference could be attributed to the presence of children in 
the home or the age of the participant, those variables were eliminated 
from further analyses. 
The analysis for training alone shows there is no significant differ­
ence (see Table 2); therefore, the second hypothesis is accepted including 
both subsections for no difference was found between the two methods of 
instruction for knowledge items, applications items or total. This find­
ing is in agreement with studies by Boleratz (1965) and Stout (1977). 
Both of these studies reported that no significant difference resulted 
from training alone but from the interaction of training with other varia­
bles. Boleratz noted a difference when socioeconomic status information 
was included in the analysis. Stout found that teacher by mode of in­
struction interactions were significant even though great effort was made 
to control for teacher differences. 
The analysis for facility alone was significant (p < .05) for total 
and approached significance for the knowledge items and application items. 
These results made further investigation into the effects of this variable 
seem important (see Table 2). 
The analysis for education alone was significant (p < .01) for knowl­
edge items and total and approached significance (p < .05) for the appli= 
cation items. These results certainly indicated the need for further 
investigation into the effects of this variable in analyses of interac­
tions (see Table 2). 
Table 2. Summary of analysis of variance for knowledge items, application items and total for 
training, facility of employment and education (N = 148) 
Knowledge Application Total 
Source* df MS F MS F MS F 
T 1 .12 .01 10.31 1.10 12.66 .40 
F 1 34.03 3.57 29.34 3.12 126.59 3.97* 
E 3 44.29 4.65* 24.49 2.60 129.93 4.08** 
T*F 1 447.35 
*k 
46.92 
** 
424.26 45.10** 1742.93 54.72** 
5.03** T*E 3 47.75 5.01 34.00 3.61* 160.11 
Error 138 9.53 9.40 31.84 
^The 
education. 
sources of variance are identified as: T = training; F = facility of employment; E = 
P < .01. 
* 
P < .05. 
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A significant (p < .01) difference as a result of the interaction of 
method of instruction and facility of employment was found for mean scores 
of knowledge items, application items and total (see Table 2). 
The 24 nursing home participants taught by the expository method of 
instruction had a mean achievement test score of 16.04 in knowledge items. 
This was compared to the 11.89 mean score of the 53 hospital participants 
taught by the same method of instruction. The reverse was true on knowl­
edge items when the participants were taught by the problem solving method 
of instruction. The 31 hospital participants had a mean test score of 
16.26 compared to the mean test score of 13.19 for the 43 nursing home 
participants (see Figure 1). 
Scores for application items showed the same trends but were slightly 
lower when comparing raw score means because there were 18 knowledge items 
and 16 application items. The 24 nursing home participants had a mean 
score of 12.79 and the 53 hospital participants had a mean score of 8.43 
when taught by the expository method of instruction. The 31 hospital 
participants had a mean score of 11.94 and the 43 nursing home partici­
pants had a mean score of 8.98 when taught by the problem solving method 
of instruction (see Figure 2). 
Total mean scores based on the 34 combined knowledge and application 
items reflect the same trend. When taught by the expository method of 
instruction, the 24 participants from nursing homes had a mean score of 
28.83 compared to a mean score of 20.32 for the 53 participants from hos­
pitals. When taught by the problem solving method of instruction, the 31 
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Figure 1. Mean test scores for knowledge items by method of instruction 
and facility. 
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Figure 2. Mean test scores for application items by method of instruction 
and facility. 
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participants from hospitals had a mean score of 28.19 compared to a mean 
score of 22.16 for the 43 participants from nursing homes (see Figure 3). 
The findings pointed out factors we had already known about the dif­
ferences between hospital and nursing home personnel. Nonstatistical ob­
servations over a period of years have shown a similarity within each 
group and a great dissimilarity between the two groups. Hospital food 
service personnel tend to be food service career people and are repre­
sented by both sexes and all ages. They tend to be more similar to people 
in food for profit than to people in nursing home food service. Nursing 
home personnel tend to be females who already reside in the area where the 
facility is located. They often have raised a family and are seeking 
gainful employment outside the home for the first time and are untrained 
for other positions. They view their work in the nursing home as a com­
bination of service to the community and source of income. Personnel in a 
nursing home tend to work together in all phases of preparation, service 
and clean-up so new employees are trained by demonstration and verbal 
instruction which is expository instruction. In hospital food service 
operations work assignments tend to be more departmentalized and each 
employee has a particular group of tasks. If training is not adequate, as 
is often the case, employees are required to do the best they can relying 
on past experience which is like problem solving instruction. Discussion 
with people in the field who have close contact with both hospital and 
nursing home food service personnel reveals their concurrence with both 
the findings of the study and the above observations. 
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Figure 3. Mean total test scores by method of instruction and facility. 
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The results of this study suggest that some consideration should be 
given to the method of instruction to be used depending upon the facility 
of employment. Nursing home personnel did better on the achievement test 
when taught by the expository method of instruction and hospital personnel 
had higher achievement test scores when taught by the problem solving 
method of instruction. While nursing home personnel may learn better 
using the expository method of instruction some instruction is needed to 
assist the employees in understanding and applying problem solving 
methods. Although hospital personnel learn more efficiently using the 
problem solving method of instruction some expository instruction is 
necessary to provide the basic concepts and generalizations needed as a 
foundation for problem solving behavior. 
There was not only interaction between method of instruction and 
facility of employment but also between method of instruction and educa­
tion level of the participant. A significant (p < .01) difference was 
found in the response to knowledge items and total items, and a 
significant (p < .02) difference for application items was noted as a 
result of the interaction between method of instruction and education 
(see Table 2). Because the total N was divided into S cells for this 
interaction, the findings need to be looked at carefully for in the cases 
where the N is very small it may not be possible to generalize the find­
ings to the population. 
The 10 people with an eighth grade education or less who had been 
taught by the expository method of instruction had a mean achievement test 
score of 14.00 on knowledge items. The 9 people with comparable education 
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who had been taught by the problem solving method of instruction had a 
mean achievement test score of 13.33 on knowledge items. The differences 
between these 2 scores was less than any of the other pairs of related 
scores in this analysis. The 17 people who had completed the ninth, 
tenth or eleventh grade and had been taught by the expository method of 
instruction had a mean achievement test score of 12.00 on knowledge 
items. This was much lower than the 15.75 mean score of the 4 people with 
the same education who had been taught by the problem solving method of 
instruction. The 42 high school graduates who had been taught by the ex­
pository method of instruction had a mean achievement test score of 12.78 
on knowledge items. This was lower than the 15.15 knowledge item mean 
score of the 40 high school graduates who had been taught by the problem 
solving method of instruction. The 7 participants who had had some col­
lege and who had been taught by the expository method of instruction had a 
mean score on knowledge items of 16.57. This was higher than the 13.45 
mean score reported for the 20 people with the same education who had been 
taught by the problem solving method of instruction (see Figure 4). 
The 10 people with an eighth grade education or less who had been 
taught by the expository method of instruction had a mean score of 11.90 
on application items. The 9 people with similar education who had been 
taught by the problem solving method had a mean score of 9.78 on applica­
tion items. The 17 participants who had completed ninth, tenth or 
eleventh grade and had been taught by the expository method of instruction 
had a mean score of 8.41 on application items compared to the 11.75 mean 
score of the 4 with similar education who had been taught by the problem 
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Figure 4. Mean test scores for knowledge items by method of instruction 
and education. 
84 
solving method. The 42 high school graduates who had been taught by the 
expository method of instruction had a mean achievement test score of 
9.35 on application items. This was slightly lower than the 10.65 mean 
score of the 40 high school graduates who had been taught by the problem 
solving method of instruction. The 7 participants who had had some col­
lege and who had been taught by the expository method of instruction had a 
mean score on application items of 12.29. This was higher than the 9.45 
mean score reported for the 20 people with the same education who had been 
taught by the problem solving method of instruction (see Figure 5). These 
means are all lower than the corresponding mean scores for knowledge 
items. This can be partially attributed to the fact that there were 16 
application items compared to 18 knowledge items. 
Total mean scores reflect the same findings as the mean scores for 
knowledge and application which were reported separately. People with an 
eighth grade education or less had a mean score of 25.90 when taught by 
the expository method compared to 23.11 when taught by the problem solving 
method. People who had completed ninth, tenth or eleventh grades taught 
by the expository method had a mean score of 20.41 compared to 27.50 when 
taught by the problem solving method. High school graduates show the same 
trend with a mean score of 22.14 for those taught by the expository method 
compared to 25.80 for those taught by the problem solving method. The 
people with some college had a mean score of 28.86 when taught by the ex­
pository method which was higher than the 22.90 mean score when taught by 
the problem solving method (see Figure 6). 
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Figure 5. Mean test scores for application items by method of instruction 
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The explanation of the pattern is difficult but may be credited in 
part to the way in which people are taught at the various levels in the 
education process. In elementary school the expository method of instruc­
tion had been predominate with limited opportunity to learn at the higher 
levels. This has been particularly true half a century ago. Of the 20 
participants who reported an educational level of eighth grade or lower, 
11 were 61 or over and 8 were 46 to 60 years of age. It would appear that 
in high school students are given more opportunities to participate in the 
learning process through discussion and laboratory experience. It would 
be difficult to say that college students were not prepared with problem 
solving techniques but it may be possible with the emphasis on testing were 
required to do a large part of their learning in an expository manner. 
Part of the third hypothesis was accepted for no differences because 
of age or presence of children in the home were found between the scores 
for participants receiving the two methods of instruction. Part of the 
third hypothesis was rejected for significant differences because of edu­
cation and facility of employment were found between the scores of the two 
training groups. 
Apart from the formal responses and test scores, reactions of par­
ticipants indicate that very few had prior knowledge of the metric system 
and were quite apprehensive about the changeover. After learning the 
basic units and their application to food service they expressed interest 
in learning more and in finding ways to apply what they had learned to 
their work. 
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Training was effective for both methods of instruction as evidenced 
by the highly significant difference between the achievement test scores 
of subjects who had received training and those who had received no 
training. 
Between the two methods of instruction, little difference was noted 
which could be attributed to training alone but when information about the 
facility of employment or the education level of the participant were in­
cluded the interaction of each of these variables with training showed 
significant differences. 
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SUMMARY AND RECOMMENDATIONS 
The major objective of this study was to compare the performance of 
learners on a written achievement test when the subject matter was pre­
sented using two different methods of instruction: expository and 
problem solving. 
To facilitate the achievement of this objective a series of lessons 
were developed using two different methods of instruction to teach the 
metric system of measurement to food service employees from health care 
facilities in Iowa. 
The hypotheses formulated and subjected to statistical tests were as 
fol 1ows: 
1. There is no significant difference in achievement test scores for 
students as a result of receiving instruction in the metric 
system of measurement. 
2. There is no significant difference in achievement test scores for 
students receiving the expository and problem solving methods of 
instruction. 
a. There is no significant difference in the achievement test 
scores measuring ability at the knowledge and comprehension 
levels for students receiving the expository and problem 
solving methods of instruction. 
b. There is no significant difference in the achievement test 
scores measuring ability at the application level or higher 
for students receiving the expository and problem solving 
methods of instruction. 
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3. There is no significant difference in achievement test scores for 
students receiving the expository and problem solving methods of 
instruction as a result of age of the participant, education 
level, presence of children in the home or facility of employ­
ment. 
Metric measurement was selected as the subject matter for this study 
because of the future need for knowledge in this field and because the 
subject matter was new to the learners. It seemed likely to be of inter­
est to them and there were sufficient numbers of learners available so a 
fair test could be made. 
The six lessons were prepared so both groups would receive the same 
subject matter material but the learning activities included as a part of 
each lesson were prepared to meet the objectives of that method of in­
struction as well as that lesson topic. The materials were pilot tested 
to assure acceptability by the participants. They were reviewed by ex­
perts and refined to establish content validity. 
An achievement test was constructed to measure the performance of 
subjects on the metric material. It was pilot tested to assure accepta­
bility and quality and reviewed by experts to determine the level of each 
item and to establish the subsets of knowledge items and application 
items. Test quality was based on an N of 162. For the 34 items in the 
instrument there was an overall mean of 24.32. The standard error of 
measurement was 2.19*, the standard deviation was 6.94. Reliability was 
estimated at .90 using the Kuder-Richardson formula 20. Items were 
selected so there would be a range form very easy to very difficult. The 
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discrimination index ranged from less than .05 for the items that were 
very easy to .77 for other items; the mean was .48. 
The experiment took place between May, 1977 and May» 1978 in health 
care facilities in Iowa. Participants were urged to use the materials in 
the way that was best for them. Some worked independently, others stud­
ied as a group and several dietary consultants used the material for in-
service training. These methods were familiar to most of the participants 
because of similar home study materials they had used. A total of 223 
people were involved in the study. Of these, 61 took the achievement test 
as a pretest. Eleven were excluded leaving a sample of 151 for the major 
analyses. Training by the expository method of instruction was supplied 
to 77 people and by the problem solving method to 74 people. 
Data were gathered from each participant concerning age, education, 
facility of employment and presence of children in the home. 
When the achievement test scores for the group receiving no training 
were compared to the group with training, the differences were highly 
significant (p < .01). The pretest scores were eliminated from further 
analysis. The first hypothesis was rejected meaning that differences in 
test scores do exist between people with training and without training. 
When the achievement test scores for the group receiving the exposi­
tory method of instruction were compared to the scores for the group re­
ceiving the problem solving method of instruction no significant differ­
ence was noted for knowledge items, application items or total. These 
findings caused the second hypothesis which states that there is no dif­
ference in score for groups receiving the two methods of instruction to be 
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accepted. The two subsections of that hypothesis are also accepted be­
cause there was no difference in scores for the two subsets: knowledge 
and application. 
When the achievement test scores were analyzed in combination with 
facility of employment and education the interactions showed differences 
that were significant (p < .01). 
The part of the third hypothesis which states there is no difference 
in test scores for people receiving the two methods of instruction as a 
result of age or children in the home was accepted, but the part which 
states there is no difference in the scores of the two groups as a result 
of education or facility of employment was rejected. 
Recommendations for Use of Materials 
The amount of learning which occurred and the acceptance of the 
materials by the target audience indicate that wide distribution of this 
home study course could be recommended. The individual learner could do 
the learning activities that were most meaningful first and others later 
as understanding and motivation increase. The supervisor or dietary con­
sultant using the materials for in-service training could make use of all 
the learning activities by assigning different sections to different em­
ployees for demonstration or presentation to the group. In this way each 
person is allowed to do the activities which are preferred and yet be 
exposed to other activities thus optimizing learning. 
93 
Recommendations for Further Research 
The need for research concerning instructional methods continues. 
Further research related to this study could be valuable in the gathering 
of information which could contribute to a better understanding of how 
instructional methods affect learning. It is suggested that the following 
adjustments be made. 
Additional subjects might be encouraged to participate so that the 
results could be generalized with more certainty to the population of food 
service employees. This is particularly important in analyses of inter­
actions in which the total group is subdivided. 
More personal data should be collected in an attempt to isolate other 
characteristics which might help to explain the differences which occur in 
the way people learn. It may be that number of years of work or position 
in the department could affect the way people learn. 
Additional subjects from a related food service industry such as 
school food service should be included in the study to determine whether 
differences because of facility of employment extend to that group of 
food service employees. 
Long term retention should be tested to see if the results change 
over time and if either group retained and used the knowledge more than 
the other. 
An attitude test should be included to determine whether information 
gathered through casual comments from a few participants is representative 
of the population under study. 
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Newsletter to HIEFSS Members about the Metric Course 
REQUEST RE: STUDY COURSE ON METRIC SYSTEM 
Mrs. Lynne Ross reports that a number of food service employees from 
health care facilities have completed the home study course on the metric 
system, and have been awarded their certificates. This qualifies each of 
those who have completed the work to the ten continuing education hours 
for 1977. The certificate, or a copy of a letter from Mrs. Ross pertain­
ing to completion of this course should be kept in the personnel file of 
each individual who has completed this course. 
Mrs. Ross would like to request that all of those still working on 
these lessons to complete them as soon as possible. She would like to 
have them in by January 31 at the latest, though she may accept some at a 
little later time. She needs them badly so she can summarize the data to 
see if the course meets its original objective, or if there are areas that 
need clarification. Remember, Mrs. Ross is working toward her Ph.D. de­
gree, and is learning along with those of you who are learning more about 
the metric system. 
When all six lessons are finished, please have the student(s) send 
the data sheet to: 
Mrs. Lynne N. Ross 
814 SE Sherman Drive 
Ankeny, Iowa 50021 
The tests will then be sent to the students, and when the tests are 
completed and returned to her, a certificate will be awarded. 
Mrs. Ross hopes that you will all understand the metric system. 
Those of you who complete the work during 1978 will have met the require­
ment for your 10 hours of continuing education, and she will have your 
guidance in developing a good tool for teaching the metric system to food 
service employees. The results will be very beneficial to all who are 
involved. 
MAKE METRIC YOUR NUMBER ONE GOAL FOR 1978! 
****************************** 
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Information Sheet for Metric Measurement Lessons 
INFORMATION 
This course is to be used for independent instruction by food service 
employees in health care facilities. It can also be used by a full-time, 
part-time or consulting dietitian or by a food service director as a basis 
for an in-service training program. 
The purpose of the course is to familiarize the student with the 
reference material and teach its use; therefore, no memorizing is re­
quired. It is the responsibility of the student to read the material and 
do the learning activities to the best of his ability. The instructor may 
review and discuss each completed lesson with the student. We suggest 
that the student first read through the basic information before doing the 
learning activities for that lesson. The employee should understand that 
the foremost objective is the actual use of metric measurement. 
Food service employees will find in this course the clear-cut, 
practical information needed for implementing the metric system of meas­
urement in their health care facility. This is particularly important at 
this time because other industries are making the change to metric to 
comply with the new metric law. 
A certificate will be issued by the author to those who complete all 
six lessons and the evaluation. This certificate is very important to 
many people who will take this course as it provides recognition of their 
efforts to learn and to prepare themselves for the coming of the metric 
system. It might be worthwhile for the administrator or manager of the 
facility to present the certificates to the employees who have completed 
the course. To obtain certificates, complete the enclosed letter and mail 
it in the self-addressed stamped envelope along with the personal data 
sheets to Lynne Ross. By return mail you will receive copies of the 
evaluation. When these have been completed and returned the certificates 
will be issued. 
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Letter Requesting Achievement Test 
Mrs. Lynne Ross 
814 SE Sherman Drive 
Ankeny, Iowa 50021 
Dear Lynne, 
There are employees in the Food Service 
Department here at 
who have completed the six metric lessons and are 
ready to take the short test. Please mail them to 
me at the address listed below. 
Sincerely, 
Iowa, 
Enclosures: Personal Data Sheets 
» 
(zip) 
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Letter Accompanying Achievement Test 
Enclosed is the metric test you requested. Please make 
as many copies as you need. Have each person work in­
dependently so they can record just the amount they 
alone have learned. Do not use any informational materi­
als to assist in answering the questions. It is not ex­
pected that anyone will get all the questions correct. 
Many will miss half or more, this is OK. It is possible 
to have all incorrect answers and still get credit and a 
certificate for the course. 
Sincerely yours. 
Lynne N. Ross, R.D. 
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Letter Accompanying Certificate of Completion 
Congratulations on your completion of the Home Study Course - Metric 
System of Measurement. This letter and the enclosed certificate will 
document the fact that you have successfully completed the course and 
are entitled to receive ten continuing education points. If you have 
any questions or comments about the course we would be pleased to hear 
from you. Thank you for your participation and cooperation. 
Sincerely, 
Lynne N. Ross, R.D. 
106a 
Certificate of Completion 
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Generalizations and Supporting Facts 
GENERALIZATION: 
In all the major countries of the world except the United States of 
America, the metric system is the recognized system of measurement. 
SUPPORTING FACTS: 
fact: A knowledge of metric terms and practice in using them aids in the 
understanding and implementation of the metric system. 
fact: A major obstacle in accepting the metric system is the natural re­
sistance to change. 
fact: Trade with other countries can occur more easily when all the 
countries use the metric system. 
fact: The metric system is easier to comprehend than our present system 
and, therefore, can be learned in less time. 
fact: Since conversion requires often confusing arithmetic, learning and 
using metric measurement is better than attempting to convert from 
the customary system to the metric system. 
GENERALIZATION: 
The metric system is based on root words which name length, mass, 
amount of substance and temperature. 
SUPPORTING FACTS: 
fact: The metric units of measure for length replacing the customary 
inch, yard, and mile are the centimeter, meter, and kilometer 
respectively. 
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fact: The metric units of measure for volume replacing the customary 
teaspoon, tablespoon, cup and quart are 5 milliliters, 15 milli­
liters, 250 milliliters and 1 liter. 
fact: Metric volume can be expressed both in terms of liters or number of 
cubic meters. 
fact: The metric units of measure for weight or mass replacing the 
customary ounce, pound and ton are the gram, kilogram, and metric 
ton. 
fact: Crop yields are stated as kilograms per hectare in the metric 
system. 
fact: Each degree Celsius covers the same temperature span as one degree 
Kelvin but a larger temperature span than each degree Farenheit. 
GENERALIZATION: 
Adjustment to the metric system will result from continuous conscious 
awareness and use of metric measurements. 
SUPPORTING FACTS: 
fact: Unit price comparisons are simpler than using the metric system 
since both it and our monetary system are based on the number ten. 
fact: The metric system is based on powers of ten, therefore, changing 
from larger to smaller metric units involves moving the decimal 
point. 
fact: Weighing recipe ingredients is more accurate than the volume method 
of measuring ingredients. 
fact; Determining the metric measurement of commonly used items aids in 
conceptualizing the metric units of measure. 
no 
Definition of Terms 
Expository teaching is the straightforward presentation of facts, 
concepts and principles. The entire content of what is to be learned is 
presented to the learner in the final form. 
Problem solving teaching is any activity in which both the cognitive 
representation of prior experience and the components of a current problem 
situation are reorganized in order to achieve a desired objective. It 
requires adaptation or new uses for materials and tools which are familiar 
to the individual. It fosters formal, systematic thinking in which one 
starts with hypotheses, verbally presented, and works through to a judg­
ment by rigorous processes which are themselves entirely verbal. 
Knowledge involves the recall of specifics and universal s, the recall 
of methods and processes, or the recall of a pattern, structure or set­
ting. The knowledge objectives emphasize most the psychological processes 
of remembering. 
Application involves the use of abstractions in particular and con­
crete situations. The abstractions may be in the form of general ideas, 
rules of procedures or generalized methods. The abstractions may also be 
technical principles, ideas and theories which must be remembered and 
applied. 
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Personal Data Sheet 
PERSONAL DATA 
Please circle the correct response for each of the following questions. 
If you would prefer not to answer a question feel free to skip it. 
1. What is your sex? Name 
a) female 
Position 
2. What is your age? 
a) 25 or under 
b) 26 to 45 
c) 46 to 60 
d) 61 or over 
3. What is the highest grade you have completed? 
a) eighth or lower 
b) 9th, 10th, or 11th 
c) 12th 
d) college 
4. What knowledge do you already have of the metric system? 
a) none 
b) some 
c) much 
5. Are there school age children living in your home? 
a) yes 
b) no 
If yes, how many? 
6. Have they been taught the metric system in school? 
a) yes 
b) no 
c) don't know 
If yes, have they taught you metrics? 
7. Have you had any previous experience with the metric system? 
a) yes 
b) no 
If yes, please explain 
1 1 3  
Metric Measurement Subject Matter and Learning Activities 
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P R E F A C E  
THE TIME has arrived when the United States is making the transition to the metric 
system. Metric measurement knowledge and ability can be applied to every area and 
task of food preparation and service and to the use of available resources. This manual 
will guide the learner to improved understanding of metric measurement and its many 
applications. 
This six-lesson course provides metric information in a form that is easily 
understood but requires some effort and thinking. Some of the questions and learning 
activities necessitate involvement in situations that will increase awareness of correct 
metric measurement. It is hoped that this participation will facilitate understanding of 
the metric system, which in time will be used by homemakers and in all areas of food 
service and preparation—hospitals, nursing homes, schools, restaurants, or any other 
facility that serves food. 
This manual may be used at any level of instruction and is written to be easily 
understood. It would be desirable for the lessons to be used with guidance and direction; 
nevertheless, any interested person working alone should benefit greatly. For maximum 
achievement and understanding each suggested activity or a similar one should be com­
pleted. 
Metric Measurement in Food Preparation and Service has been organized to 
simplify a rather complex subject and has touched on only a few of the possible devices 
for learning metric measurement. It is hoped that this material will serve as an inspira­
tion for mastering this new system. 
1 2 0  
H O W  T O  U S E  T H I S  M A N U A L  
THIS MANUAL can be used for self-study. It can also be used by a consultant dietitian 
or food service director for an in-service training program or by a home economics 
teacher in units on food. The lessons can, in fact, be used by anyone interested in learn­
ing to use metric measurement in preparation and serving of food. 
This course is planned to give information and practical experience in metric 
measurement, so that you will be better prepared as conversion takes place. You are en­
couraged to apply what you learn to your work with food. Each lesson contains text and 
learning activities. 
We suggest that you first read through the basic information for each lesson before 
completing the learning activities. Much is to be gained by group discussion of the 
material. Methods of practical application may also be suggested by the group. 
You may work at your own rate of speed. When the lessons are presented by an in­
structor in a formal learning experience, time limitations may be more rigid, depending 
on the circumstances. However, anyone can start or finish the lessons on an individual 
basis. 
I L L U S T R A T I V E  S L I D E S  
FIFTY colored slides have been coordinated with the key ideas in this manual to further 
illustrate and clarify the points being studied. These slides may be used for individual 
study but would be particularly valuable in training classes for food service employees. 
The complete set of 50 Metric Measurement Slides may be ordered from Mrs. Lynne 
Ross, 814 S.E. Sherman Drive, Ankeny, Iowa 50021 for $30.00. 
Vi 
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1 INTRODUCING THE 
> METRIC SYSTEM 
Topics: The history of the customary and metric systems of measurement 
Examples of current use of metrics in the United States 
Advantages and disadvantages of changing to the metric system 
Objectives: Upon completion of this lesson, you will be better able to: 
• know the background of the customary and metric systems of measurement. 
• understand how the change to the metric system will affect food preparation and 
service. 
• know examples of the metric system currently in use in the United States. 
• know the advantages and disadvantages of changing to the metric system. 
• recognize the arguments for and against the change to the metric system. 
• predict the probable effect of the change to the metric system on food prepara­
tion and service. 
e detect logical fallacies in the arguments concerning the adoption of the metric 
system. 
HISTORY OF MEASUREMENT 
The origin of our present measurement system is a haphazard combination of con­
cepts. Early measurement units were based on the human body and items found in 
nature. A cubit was six palms or the distance from the elbow to the tip of the middle 
finger. An ell was another name for the distance from the fingertips to the elbow. The 
pace was the length of a man's step, and 2000 paces was one mile. The foot was found 
by putting one foot before the other, heel to toe. The rod was determined by measuring 
the combined length of the shoeless right feet of the first sixteen men who cams cut cf a 
church. A pennyweight was the weight of thirty-two wheatcorns taken from the middle 
of the ear. A fathom was the distance from a man's fingertips to fingertips with his 
arms outstretched. A furlong was the distance a team of oxen could plow without stop­
ping. 
Today we use the inch, foot, and yard to measure distance. The inch was originally 
defined as the length of three round, dry barleycorns from the middle of the ear laid 
end to end. The foot was the length of the emperor Charlemagne's foot, and a yard was 
the distance from the nose of King Henry I of England to the fingertips of his out­
stretched arm. Through colonization and the important position of the British in world 
commerce, a system of weights and measures known as the English system spread 
throughout the world. Because England has adopted the metric system, the system of 
measurement originally called the English system is now called the customary system. 
Over the years consistent standards for weights and measures have been urged by Con­
gress in an effort to achieve greater uniformity. 
In 1790 Talleyrand, bishop of Autun, received approval from the National 
Assembly of France to begin formulating a new system of weights and measures. The 12 
members of the French Academy of Sciences constructed an unchanging standard for all 
3 
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weights and measures. The units of length, volume, and weight were to be related to 
each other and to nature. The system was based on the most scientific principles of the 
time. It was sensible, simple, and internally consistent. The keystone of this new system 
was the "meter," a unit of length originally defined as one ten-millionth of the distance 
from the North Pole to the equator along the meridian of the earth running near 
Dunkirk, France, and Barcelona, Spain. Different sizes of each unit were to be created 
by multiplying and dividing by powers of ten. By 1795 temporary standards were 
achieved, and laws were passed then and in 1799 to enforce the system. At the end of 
the century an international conference was held in Paris to bring other nations up to 
date. However, the use of metric measurement was not enforced, and there were prob­
lems until about 1840 when the system began to spread rapidly throughout Europe. 
In 1960 the General Conference of Weights and Measures improved and refined the 
metric system. The modernized version is abbreviated as SI for Le Système International 
d'Unités (International System of Units). 
In 1790 President George Washington reminded Congress it was time to set our 
own standards of weights and measurements. The matter was referred to Secretary of 
State Thomas Jefferson, an inventive genius, who proposed two plans. Both involved 
adoption of a standard length based on a natural phenomenon that was more nearly 
reproducible than a barleycorn or wheatcorn. With length established, units of area, 
volume, weight, and force could be derived consistently. We were little concerned after 
Jefferson's attempt to standardize measurements until 1816, President James Madison 
then reminded Congress about this unfinished business. One year later the Senate asked 
for a study, and four years later Report upon Weights and Measurements was submit­
ted. Adams's report was the first systematic consideration of the metric system by the 
United States government and covered the pros and cons of the issue beautifully. But 
Congress took no action on the report. 
By 1863 Lincoln had formed the National Academy of Sciences, and a committee 
from that body issued a report favorable toward adoption of metric measurement. The 
system was not to be enforced, but the report suggested the use of metric units to 
stimulate interest in reform. 
An act of Congress in 1866 made it legal throughout the United States to use the 
weights and measures of the metric system in all contracts, dealings, or court pro­
ceedings. This made the use of the metric system legal but not required in this country. 
Over the years congressmen, educators, and numerous inventors including Thomas Jef­
ferson AleyanHpr riraham Rell. Thomas F.disnn. Genrge Westinchniise. and Henrv Ford 
argued for the metric system of measure to replace our present complex system. 
Debate on the issue continued into the twentieth century. It was less important than 
fiscal problems during the Depression; we were too busy to consider it during World 
War II; and since U.S. goods dominated the world after the war, there seemed to be no 
need for change. In 1957 Sputnik made headlines and renewed the interest in science and 
metric measurement. On May 24, 1965, the United Kingdom announced its intention to 
adopt the metric system over the following ten years, and this action made it clear that 
we would be one of the very few nations in the world continuing to use the customary 
system. 
One by one most countries have elected to adopt the metric system. Now only the 
United States and five small countries m Africa and Asia either are not using the metric 
system or are not in the process of changing to it. No nation that has adopted the metric 
system has abandoned it. 
In 1968 the Congress passed the Miller-Pell Metric Study Bill. The study was to see 
whether  or  not  the United States  might  to  change in  (he metr ic  system; advantages and 
disadvantages were weighed. The results were presented to Congress on July 30, 1971. 
In December 1975 President Ford signed into law a metric bill providing for the forma­
tion of a 25-member U.S. Metric Board. The board had three major assignments: 
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1. To plan and help bring about an orderly voluntary conversion. 
2. To conduct research and make recommendations to Congress and the executive 
branch. 
3. To organize a program of public education in the metric system—from the ele­
mentary grades through adult classes and through use of newspapers, magazines, 
radio, television, and other media. 
The American Home Economics Association passed a resolution in 1967 to support 
measures that would promote the adoption of the metric system. Many people and 
organizations will be affected by the changes in measuring units and will need informa­
tion. These include businesses involved in preparing, preserving, and selling food prod­
ucts (and their customers) and people employed in health care. 
Soft conversion is the practice of including metric units on the labels of products 
that have not changed in size. For instance, a 2-quart carton of milk will also carry the 
notation 1.89 liters. Hard conversion involves changes in the size of the products so they 
have appropriate metric dimensions. For instance, a carton of milk that contained 1.89 
liters will be changed so it contains and is labeled 2 liters. Advocates of soft conversion 
believe that products should go through the dual labeling phase before hard conversion 
takes place. Others claim that the soft conversion phase can be eliminated because peo­
ple will not learn the metric units until they are forced to do so. 
The area of most direct concern to us during the U.S. change to metrics is that of 
food. At first it appears that using the metric system in food preparation will make 
cooking more complicated. But keep in mind that many of the meals we now prepare 
are without the use of recipes. For example, if we are making soup, we open a can and 
add an equal amount of water or milk to make the servings; or if we are preparing 
something simple like macaroni, beef, and tomato, we add an amount of macaroni that 
we know from experience is required to feed our family. Occasionally, we will try a new 
recipe that calls for a metric measure instead of the customary measure; for example, a 
salad dressing recipe may call for 250 milliliters of oil. To comply with this, we must 
use new metric measures. We may also want to buy a small metric scale to keep on ihe 
kitchen counter to measure dry ingredients. In other countries, some who cook using the 
metric system find it much more convenient to weigh rather than to measure, which is 
the traditionally accepted practice in this country. Some ingredients are much easier to 
measure using the metric measure rather than by weighing, so this will continue to be 
our habit. Many good cooks wiii know seasonings by iaslc iàlher than by a measure­
ment called for in a recipe book. Metric recipe books should be written to provide the 
cook with the best possible measuring information. In some cookbooks, exact conver­
sion figures have been given for each recipe, making the metric amount appear in odd 
numbers, for example, 471 grams. It is unlikely that we will have scales that are delicate 
enough to register these odd amounts. As the metric system becomes our customary 
system of measuring, we will need to have metric recipes that are in rounded numbers 
and convenient to measure, just as the present recipes have been rounded and made con­
venient in our present system. 
Thermostats and thermometers will be changed from the Fahrenheit scale to the 
Celsius scale. The Celsius scale was at one time called cAnfigrade hut by mutual consent 
is now caiicd Celsius, after the inventor of ihe centigrade scale. Until we bccomc 
familiar with the Celsius scale, we may want to have both scales registered on the ther­
mometer. We may want recipes to contain both temperatures because it will take a while 
to become accustomed to what the new thermometers are saying, But as in the use of 
measures, many times we do not use thermometers in cooking. Wc will sLill coniinue to 
use words like freeze, simmer, boil, chili, and lukewarm; but we will need to use ther­
mometers when making candy, roasting meats, or checking the temperature in the 
refrigerator or the freezer. 
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ADVANTAGES AND DISADVANTAGES OF THE METRIC SYSTEM 
People in the United States have been arguing about the metric system for nearly 
200 years. Arguments about ease of use and changeover are summarized below. 
Ease of Use 
ADVANTAGES 
1. The metric system simply and logically coordinates the measurements of length, 
volume, and mass. 
2. The system of prefixes makes it easy to understand the relationship of a unit to the 
base unit. 
3. The units are increased or decreased by multiplying or dividing by ten or moving the 
decimal point. 
4. The metric system contains units that are suitable for measuring very small quantities 
with accuracy, making it particularly useful for the pharmaceutical industry, op­
tometry, and scientific research. 
DISADVANTAGES 
1. Our customary units are closely related to parts of the human body, making it 
convenient to estimate measurements. 
2. Metric units are, in comparison, too large or too small for very young children to 
comprehend easily. For example, a meter is longer than a yard, there is no metric 
unit comparable to a foot, and the centimeter is smaller than an inch. 
Changeover 
ADVANTAGES 
1. The need for the ability to manipulate fractions is greatly reduced. 
2. Memorization of facts is greatly reduced. 
3. A common measurement language would reduce barriers between scientists, engi­
neers, and industrial workers in our country and abroad. 
4. Size of products, parts, and containers could be standardized easily. 
5. Our national economy will improve if we can favorably compete in the world 
markets and maintain a favorable balance of trade. Companies could discontinue the 
expensive practice of producing some metric sizes of a product, keeping the items 
separate in warehouses, and performing additional accounting procedures. 
6. Communication with people living in other countries or with travelers here would be 
greatly simplified if a standard measurement system were used. 
7. The changcovcr can take place gradually, so that as tools and equipment wear out 
they can be replaced with metric measures. 
DISADVANTAGES 
1. The greatest obstacle to adoption of the metric system is human resistance to change. 
This is a psychological disadvantage and would probably be greater among older peo-
pîc tiAMA» kilw yctsn^vr gGriGrwtiGim. 
2. The economic costs of conversion to metric will depend on the way the changeover is 
made. If the items to be replaced are removed simultaneously, the cost of the new 
tools and equipment could be very great. 
DEFINITIONS 
The metric system is a simple and logical coordination of the measurements of 
length, area, volume, and mass into a decimalized system. The original system was 
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developed in France and the modernized version is called the SI or International System 
of Units. 
Metrication is the process of changing or converting to the metric system of 
measurement. 
Metrology is the science of weights and measures. 
TRENDS TOWARD METRIC USAGE IN THE UNITED STATES 
The use of the metric system in businesses and institutions is increasing in the 
United States. Following are some examples: 
1. Drugs are measured in metric units before reaching the consumer. 
2. Hospitals use the metric system for patient records and the dispensing of drugs. 
3. Automobile mechanics are using metric tools to service foreign cars and systems 
(engines and transmissions) of some domestic cars. 
4. Speedometers of cars produced by General Motors contain both metric and cus­
tomary units. 
5. Radio frequencies are metric. 
6. The width of film for slides and movies is measured in metric units. 
7. Competition swimming pools and some international and Olympic track events are 
measured in metric units. 
8. Skis are measured in centimeters. 
9. Length of cigarettes and the amount of tar and nicotine in them are measured in 
metric units. 
10. Television and radio stations are reporting temperature in Celsius from information 
supplied by the National Weather Service. 
11. 7-Up distributors have converted to liter containers. 
12. State departments of education are encouraging the teaching of the metric system in 
schools, and school districts are implementing this practice. Public schools in Cali­
fornia have made a complete changeover to metrics. 
13. Many road signs have distances expressed in metric units. Illinois, New Jersey, 
Michigan, Alabama, and other states have some metric road signs and many others 
are adding them. 
14. More than half our packaged food products have labels containing both metric and 
itriYfc 
15. Sewing patterns contain metric units. 
16. The National Park Service is placing signs showing metric distances on roadways 
and footpaths in all federal parks. 
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LEARNING ACTIVITY 1 
1. What are three old-time units of measure? 
2. What are three customary units of measure? 
3. When did the National Assembly of France approve the formulation of a new 
system? 
4. What units of measure were standardized? 
5. What reason was given for replacing our present system of measurement? 
6. What is the keystone of the metric system? 
7. What is SI? 
8. Name one of the early U.S. proponents of the metric system. 
9. When was the metric system made legal in the United States? 
10. Have any countries that have adopted the metric system abandoned it? 
11. What is soft conversion? 
12. What is hard conversion? 
13. What is one advantage of converting to the metric system? 
14. What is metrication? 
15. What are three examples cf ways that metric measurement is presently being used in 
the United States? 
LEARNING ACTIVITY 2 
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Soft conversion has already begun in the marketplace. The following is a list of ten 
items that contain metric measurements on the label. Find these items on your shelves or 
at the grocery store. Record the amount and unit of each package on the corresponding 
line. 
Product Amount Unit 
Example: Cereal 453 grams 
Catsup 
Canned fruit 
Chocolate syrup 
Cake mix 
Frosting mix 
Fruit drink 
Noodles 
Parmesan cheese 
Peanut butter 
If you locate other items that have metric measures when looking for the food 
products listed above, list the product, amount, and unit below. 
Product Amount Unit 
LEARNING ACTIVITY 3 
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Problem: Predict the probable effect of a change to the metric system on your work 
with food. 
Analysis of Problem: Which of your present activities will require alteration in some 
way by the change to the metric system? 
1. Purchasing—cans, cartons, and boxes will be sized in metric units. 
2. Preparation—recipes, pans, and other containers will be sized in metric units. 
3. Preparation—oven temperatures in recipes and the gauge on the oven will be 
calibrated in Celsius. 
4. List others you can think of. 
Possible Solutions: 
1. Learn about the metric system and buy new recipes, equipment, and tools. 
2. Begin to become acquainted with metric terms, replace old and broken 
equipment and tools with metric or dual-labeled items, read food containers to 
become familiar with metric amounts, and purchase metric recipes as they 
become available. 
3. Resist any change and insist that the metric changeover will not be accomplished 
during your lifetime. 
Evaluation of Solutions: 
1. Would be expensive and time consuming. 
2. Would be open minded and realistic, 
3. Would be closed minded and unrealistic. 
Recommendation for Action: Select the second solution—begin to become acquainted 
with metric terms, replace old and broken equipment and tools with metric or dual-
labeled items, read food containers to become familiar with metric amounts, and 
purchase metric recipes as they become available. 
2 LINEAR MEASUREMENT 
Topics: The linear terms and abbreviations used in the metric system 
The arithmetic used in linear measurement 
Application of linear measurement to food preparation and service 
Objectives: Upon completion of this lesson, you will be better able to: 
e know the linear terms, the amounts to which they refer, and their symbols. 
• know the proper metric unit for linear measurement of specified items. 
• know the prefixes that relate to the basic units of metric linear measurement. 
• measure correctly when using metric linear measuring equipment. 
• know the interrelationship of the smaller and larger units of metric measurement. 
• perform simple mathematical calculations using metric linear measurements. 
O apply the correct metric terms and concepts to the appropriate situations. 
• incorporate the metric system into everyday use. 
METRIC UNITS OF LENGTH 
The modernized metric system of weights and measures is known as Le Système In­
ternational d'Unités, the International System of Units, or SI. 
In SI there are seven base units of measurement. Three of these define the quan­
tities of length, mass or weight, and temperature. These are the three we will need to 
understand and use in our everyday lives. The base unit for length is the meter, and the 
symbol is m. The base unit for mass is the kilogram, and the symbol is kg. The base 
unit for temperature is the kelvin, and the symbol is K. 
There are four other base units defined in SI. These are of less concern to persons 
preparing and serving food; but to fully understand the system, it is important to be 
aware of all seven base units. The base unit for time is the second, and the symbol is s. 
The base unit for electric current is ampere, and the symbol is A. The base unit for 
amount of substance is the mole, and the symbol is mol. The base unit for luminous in­
tensity is the candela, and the symbolised. The base units for SI are listed in Table 2.1. 
TABLE 2.1. Base Units for SI 
Measurement Name Symbol 
Length 
Mass 
Time 
Electric current 
Thermodynamic temperature 
Amount of substance 
Luminous intensity 
meter 
kilogram 
second 
ampere 
kelvin 
mole 
candela 
A 
K 
mol 
cd 
kg 
m 
In addition to the seven base units, there are two supplementary units that are used 
to measure plane and solid angles. 
1 1  
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There are also derived units—square meter, cubic meter, lumen, joule, etc. Joules 
measure quantities of energy, work, and heat and will be used instead of calories. The 
liter, tonne, minute, hour, and day are acceptable units but they are not part of SI. 
METER 
In the metric system the meter is the basic unit of length. It may be spelled metre or 
meter. Either spelling is acceptable. The American Home Economics Association has 
passed a resolution that any information in their publications will be spelled meter. To 
conform with this, the meter spelling will be used in this manual. 
The symbol m is used for the metric unit of measurement called the meter. This 
symbol is consistent around the world. It always appears as a small m without a period 
except at the end of a sentence; "s" is not added for plural. A softball bat is about 1 m 
long. The mattress and springs on a twin bed are almost 1 m wide. Most doors in a 
modern house are about 2 m high and slightly less than 1 m wide. A city block is about 
80 m long, and a football field is about 90 m long. 
DECIMETER 
A meter is not practical for measuring the length of small items. We need to break 
the meter into smaller portions or divisions. The first subdivision of the meter is the 
decimeter. Its symbol is dm. There are 10 decimeters in 1 meter; 1 decimeter is equal to 
one-tenth of a meter. The prefix deci means 0.1 (one-tenth). A decimeter is about the 
height of a No. 2 can or the length of an ordinary crayon. It is about the width of a #10 
business envelope. Standard typewriter paper is slightly more than 2 dm wide. A new 
pencil is about 2 dm long. 
CENTIMETER 
There are 100 centimeters in a meter and 10 centimeters in a decimeter. One cen­
timeter is 0.01 (one-hundredth) of a meter. Its symbol is cm. 
When you look at your centimeter ruler or meter stick, you may see markings 
similar to those in Figure 2.1. The numbers on this drawing indicate the number of cen­
timeters. For example, point A is 3 cm from the left end of the ruler. There are a total 
of 100 cm on a meter stick. We add the prefix cent: to the word meter to indicate these 
100 divisions. Centi means 100. We use this prefix when we talk about a 100th anniver­
sary or ce/7/ennial and 100 cents in a dollar. 
cm 
Fig. 2.1. Centimeter ruler. 
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An aspirin is about 1 cm across. A centimeter is about the width of the nail on a 
person's little finger or of narrow transparent tape. The postage stamp and the nickel 
are about 2 cm wide. A standard paper clip is about 3 cm long, and a piece of chewing 
gum is about 7 cm long. A new graphite pencil is usually 20 cm long. 
MILLIMETER 
The meter can be divided into even smaller units. The small divisions on the cen­
timeter ruler are millimeters (see Fig. 2.1). The symbol for millimeter is mm. Each cen­
timeter contains 10 millimeters. There are 10 millimeters in each of the 100 centimeter 
divisions on the meter stick. 10 x 100= 1000 mm in a meter. A millimeter is about the 
thickness of a dime or a paper match. Film for movies is usually 8 or 16 mm wide. Film 
for slides is usually 35 mm. 
In tax computation, for example, mill is one-thousandth of a dollar. The prefix 
milli means one-thousandth (0.001). 
MICROMETER 
A micrometer is 0.(X)1 (one-thousandth) of a millimeter and 0.000001 (one-mil­
lionth) of a meter. Its symbol is /tm. There are 1000 micrometers in one millimeter and 
1000 000 micrometers in a meter. (Note: Since commas are used as decimals in many 
countries, they should not be used to separate groups of digits. Separate the digits into 
groups of three to the left or the right of the decimal and leave a space where the com­
ma has been used. This method will be used in this manual.) 
SMALLER UNITS 
Further subdivisions of the meter are the nanometer (nm), picometer (pm), fem-
tometer (fm), attometer (am). These are used for very technical measurements. 
DEKAMETER AND HECTOMETER 
The first two multiples for measurement of length greater than the meter are 
dekameter (dam) and hectometer (hm). A dekameter is equal to 10 meters. A freight 
train's caboose is about Î dam or 10 m long. A tennis court is about 2 dan ir. length. 
The hectometer is 100 meters. A hectometer is a little longer than a football field or the 
exact length of the 100-m dash in track. 
KILOMETER 
We add the prefix kilo to the word meter to indicate a multiple of 1000. The 
kilometer is 1000 meters; its symbol is km. Kilo means 1000. We use this prefix when we 
talk about electricity that is measured in kilowatts. A kilowatt is equal to 1000 watts. 
Kilometer is pronounced KILL-oh-meet-ur. The state of Iowa is approximately 700 km 
wide. Many athletic events are measured in meters and kilometers. The kilometer is 
about the length of 10 football fields or 6 city blocks. This distance can be walked in 
about 6 minutes. Another view of the kilometer is in relation to speed limits. In city 
areas speed limits are about 50 km per hour, and on interstate highways 90 km per 
hour. 
Larger units of measure are the megameter (Mm), gigameter (Gm), and terameter 
(Tm). Table 2.2 shows the interrelationship of all the metric measures of length. For 
practical purposes the most commonly used of these are the meter, which is the base 
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unit; the centimeter and millimeter, which are units smaller than the meter; and the 
kilometer, which is the unit larger than the meter. 
TABLE 2.2. Metric Units of Length 
1 terameter 1 000 000 meters 1 decimeter = 0.1 meters 
1 gigameter - 100000 meters 1 centimeter = 0.01 meters 
1 megameter = 10 000 meters 1 millimeter = 0.001 meters 
1 kilometer = 1 000 meters 1 micrometer = 0.000001 meters 
1 hectometer = 100 meters 1 nanometer = 0.000000001 meters 
1 dekameter = 10 meters 1 picometer = 0.000 000 000 001 meters 
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LEARNING ACTIVITY 1 
1. In the metric system what is the basic unit of length? 
2. How many centimeters in a meter? 
3. What is the correct notation for three and one-half meters? 
4. What is the symbol for the meter? 
5. Is it followed by a period? 
6. Is the symbol capitalized? 
7. Give an example of something that is about 1 meter long. 
8. What is the prefix that indicates the division of a unit by 100? _ 
9. How many centimeters are there in a meter? 
10. What is the symbol for a centimeter? 
11. Is it followed by a period? 
12. Is the symbol capitalized? 
13. Give an example of something that is about I cm across. 
14. How many millimeters are there in a meter? 
15. What is the symbol for millimeter? 
16. Give an example of something that is about 1 millimeter across. 
17. How many meters in a kilometer? 
18. What is the symbol for kilometer? 
19. Are kilometers larger or smaller than meters? 
20. Are millimeters larger or smaller than meters? 
21. Are centimeters larger or smaller than meters? 
22. Give an example of something that is about 1 kilometer long. _ 
23. Are centimeters larger or smaller than millimeters? 
24. How many decimeters are there in a meter? 
25. What is the speed limit on the interstate highway? 
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LEARNING ACTIVITY 2 
Facts: To convert from millimeters (mm) to centimeters (cm) divide by 10. 
To convert from centimeters to millimeters multiply by 10. 
10 mm = cm 130 mm = cm 
8 cm = mm 210mm = cm 
400 mm = cm 1260 mm = cm 
19 cm = mm 35 cm = mm 
90 cm = mm 460 cm = mm 
Facts: To convert from centimeters (cm) to meters (m) divide by 100. 
To convert from meters to centimeters multiply by 100. 
200 cm = m 2600 cm = m 
4 m = cm 76 300 cm = m 
1400 cm = m 2673 m = cm 
18m = cm 9.4m = cm 
176 m = cm 8900 cm = m 
Facts: To convert from meters (m) to kilometers (km) divide by 1000. 
To convert from kilometers to meters multiply by 1000. 
9 km = m 39000 m = km 
20 km - m 81 km = m 
2000 m = km 987 000 m = km 
73 000 m = km 26 500 m = km 
76 km = 111 2000 km - m 
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LEARNING ACTIVITY 3 
Use a ruler, meter stick, or meter tape to find the measurements of a variety of 
things. (A length of string can be used instead of a tape measure.) 
Article Centimeters Millimeters 
Width of this page 
Length of this page 
Length of your pencil 
Width of the door 
Length of your foot 
Width of your foot 
Length of your arm 
Spread of your hand (thumb to little finger) 
Length of your thumb 
Thickness of a nickel 
Length of a gum wrapper 
Length of a cake pan 
Width of a cake pan 
Height ofa #10 can 
Length of a paring knife 
Length of a fork 
Width of a slice of bread 
LEARNING ACTIVITY 4 137 
List things that you think are about the following sizes. When you have listed sever­
al items in each category, measure them and record the exact measurement of each. 
1cm or  10  mm Actua l  S ize  5  cm o r  50  mm Actua l  S ize  
10 cm or 100 mm Actual Size 20 cm or 200 mm Actual Size 
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LEARNING ACTIVITY 5 
Use the sheet of centimeter paper provided on p. 20. Place the first point 11 cm 
from the left edge and 21 cm from the bottom of the page. Place the second point 13 
cm from the left edge and 15 cm from the bottom of the page. Continue with the ten 
points as shown in the table. 
With a ruler draw a line between points 1 and 2,2 and 3, 3 and 4,4 and 5, etc. 
Distance from Distance from 
Point Bottom Left Side 
1 21 cm 11 cm 
2 15 cm 13 cm 
3 15 cm 19 cm 
4 11 cm 14 cm 
5 5 cm 16 cm 
6 9 cm 11 cm 
7 5 cm 6 cm 
8 11 cm 8 cm 
9 15 cm 3 cm 
10 15 cm 9 cm 
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LEARNING ACTIVITY 6 
Problem: You are the food service supervisor at the hospital in Shenandoah and are 
planning to attend a meeting in Des Moines. Using the enclosed map and a centi­
meter ruler, determine what route from Shenandoah to Des Moines will require the 
shortest travel time. 
Analysis of Problem: 
What is the speed limit set by law in Iowa? 90 km/hr 
What additional time is required to allow for going through a town? 10 min 
What scale is used on the map? 1 cm = 5 km 
How is distance converted to time? Divide total kilometers by 90 to find hours. 
Multiply the decimal part of an hour x 60 to find minutes. 
Possible Solutions (see map on page 22): 
1. North from Shenandoah to Avoca and east to Des Moines. 
2. East to Decatur City and north to Des Moines. 
3. East to Clarinda, north to Lyman, east to Winterset, north to De Soto, and east 
to Des Moines. 
Evaluation of Solutions: 
Route 1. cm x 5 = km -r 90 = hr min 
towns X 10 = min. Total = hr min 
Route 2. cm x 5 = km -r 90 = hr min 
towns X 10 = min. Total = hr min 
Route 3. cm x 5 = km ^ 90 = hr min 
towns X 10 = min. Total = hr min 
Recommendation for Action: 
The route that will require the shortest time is number 
SOUTHWEST IOWA 
De Soto 
Des Moines 
Lymon 
Winterset 
Osceola 
Mount Ayr 
Clarinda 
Decatur City 
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3 AREA MEASUREMENT 
Topics: The area terms and abbreviations used in the metric system 
The arithmetic used in area measurement 
Application of area measurement to food preparation and service 
Objectives: Upon completion of this lesson you will be better able to: 
• know the area terms, the amount to which they refer, and their symbols. 
• know the proper metric unit for measuring the area of specified items. 
• know the prefixes that relate to the basic units of metric area measurement. 
• know the interrelationships of the smaller and larger units of metric measure­
ment. 
• perform the mathematical calculations necessary for computing area from metric 
linear measurements. 
• apply the correct metric terms and concepts to the appropriate situations. 
• incorporate the metric system into everyday use. 
METRIC UNITS OF AREA 
Units of area are derived from units of length. Area is measured in square units. 
Square units cover the surface of a region. To find the area of a given space, we multi­
ply the length times the width (.4 = Lx W), To calculate area, the units of both dimen­
sions must be the same. 
Figure 3.1 shows length, which has one dimension, and area, which has two dimen­
sions. One square centimeter may be symbolized as 1 cm\ When the units are written 
out, it is important to notice the order of the words. Example: Two square centimeters 
is an area of the size shown in Figure 3.1. Two centimeters square refers to a square 
that measures 2 cm on each side and thus has an area of 4 cm' (Fig, 3.2), 
The areas of small objects are expressed in square centimeters, or cm\ A small 
postage stamp is about 4 square centimeters, or 4 cm\ The surface of a sugar cube is 
approximately 1 cm\ A case of soup is 22,5 cm by 43 cm, or 967,5 cm\ A shelf large 
enough to hold 2 cases of soup is 45 cm by 45 cm, or 2025 cm\ A book may measure 
15 cm by 25 cm. Its area is 375 cm'. A magazine that measures 20 cm by 37 cm has an 
area of 740 cm'. 
1 cm 
Length 
I cm'^ 
Area 
Two square centimeters 
Fig. 3.1, Length and area. 
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Fig. 3.2. Square areas. 
SQUARE MILLIMETER 
To measure very small areas, use square millimeters. The symbol for square 
millimeter is mm\ A square centimeter contains 100 mm^ (Fig. 3.3). The area of the 
head of an ordinary pin is less than 1 mm\ 
SQUARE DECIMETER 
To measure objects larger than 10 cm in each direction, it may be desirable to use 
square decimeters. The symbol for square decimeter is dm\ One decimeter contains 10 
centimeters. Therefore, 1 dm^ contains 100 cm^ (Fig, 3.3). The surface of a slice of sand­
wich bread has an area of about 1 dm\ 
I mm^ 
I cm^ 
I dm^ 
Fig. 3.3. Square millimeters, square centimeters, and 1 dm'. 
SQUARE METER 
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Just as the standard unit of length is the meter, the standard unit of area is the 
square meter. The symbol for square meter is m\ The square meter is used in determin­
ing larger spaces. A card table is about 1 m^. A medium-sized living room might be 6 m 
wide by 8 m long and have an area of 48 m\ A meter contains 100 cm. A square meter 
contains 100x 100 or 10000 cm\ A meter contains 10 dm. Therefore a square meter 
contains 100 dm\ 
To determine the areas of other shapes such as triangles and circles, use the ap­
propriate formulas and metric measurements. Be sure the units used in each measure­
ment are the same. The area of a circular object is found by measuring the diameter. 
Divide the diameter by 2 to find the radius. Square the radius by multiplying the 
number times itself. To find the radius squared, multiply the radius squared (r^) times ir 
(pi), which is approximately 3.14. The answer will be in square units. The head of a 
thumbtack is slightly less than 1 cm'. A layer-cake pan is approximately 400 cm\ A 
doorknob is about 20 cm^. 
To find the area of a triangular object, measure the base and the height, multiply 
the base times the height, and divide by 2, that is, ( ^2^ ) Be sure the units used in 
each measurement are the same. 
ARE (SQUARE DEKAMETER) 
Another metric area unit, which we probably will not use very often, is helpful in 
developing the relationship between units. It is called the square dekameter or are (pro­
nounced AIR). An are has sides that are 10 m by 10 m and contains 100 m\ The are is 
a unit of area. Its symbol is a, and it is not squared because it is a quantity of square 
units. An average house covers about 2 ares. A volleyball court is about 2 ares, 
HECTARE (SQUARE HECTOMETER) 
Another metric unit used in real estate and land surveys is the square hectometer. It 
is called the hectare. Each side of a hectare measures 100 meters, and it contains 10000 
m\ The symbol for hectare is ha. This unit is not squared because it is a quantity of 
square units. One hectare contains 100 ares. A hectare is not quite as large as the area 
of a big-league baseball field. 
SQUARE KILOMETER 
Very large areas of land are measured in square kilometers, the symbol of which is 
km\ A km^ is 1000 m by 1000 m and contains 1000000 square meters. There are 
692400 km^ in the state of Texas. One square kilometer is equal to 100 hectares and 
10 000 ares. Figure 3.4 shows the relationship of these larger units. 
10 m 
100 are = 3 
ICQ Î 
1111111 
hectare = 100 a 
Li square kilometer 1 
100 ha 
\ 
J—I I I I I I L 
Fig. 3.4. Relationship between are, hectare, and square kilometer (not drawn to scale). 
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The relationships of metric area are summarized in Table 3.10. Probably the most 
used metric units of area will be the square centimeter, square meter, and hectare. You 
will seldom need to use the other units. 
TABLE 3.1. Metric Area 
Unit Symbol Relationship of Units Relationship to Meters 
Square millimeter mm^ 1 cm^ = lOOmm^ 1 000000 
Square centimeter cm^ 1 dm^= 100 cm^ 10000 
Square decimeter dm^ 1 =100 dm^ 100 
Square meter m^ la = 100 1 
Are a 1 ha =100 a .01 
Hectare ha 1 km^= 100 ha .0001 
Square kilometer km^ .000001 
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LEARNING ACTIVITY 1 
1. What is the product when length is multiplied by width? 
2. What is the symbol for square centimeter? 
3. What metric unit would you use when determining the area of a sugar cube? 
4. What is the symbol for square millimeter? 
5. How many square millimeters are there in a square centimeter? 
6. What metric units would you use when determining the area of a piece of sandwich 
bread? 
7. What metric unit would you use when determining the area of a room? 
8. How many square centimeters does a square meter contain? 
9. What shape is determined by using the formula ^^^? 
10. What is another name for square dekameter? 
11. What is the symbol of that other name? 
12. How many square meters in a square dekameter? 
13. What is another name for square hectometer? 
14. What is the symbol for that name? 
15. How many square meters in a square hectometer? 
16. What metricunit would you expect to be used when real estate is described? 
17. What is the symbol for that unit? 
18. How many square meters are equal to one of those units? 
19. Which is larger, an are or a hectare? 
20. Which is smaller, a square centimeter or a square kilometer? 
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LEARNING ACTIVITY 2 
1. On the figure below finish filling in the blanks of the equations on the left. 
2. Using crayons or colored pencils, indicate the size of the corresponding figure. 
3. Calculate the area and enter the amount on the figure. 
1 cm X 1 cm = (1 cm): 
2 cm X 2 cm = (2 cm): 
3 cm X 3 cm = (3 cm): 
cm X cm = (4 cm): 
cm X cm = (5 cm): 
cm X cm = (6 cm): 
cm X cm = (7cm): 
cm X cm = (8 cm): 
cm X cm = (9 cm): 
cm X cm = (10 cm): 
Icrr? 00 
a 
#9 xn# 
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LEARNING ACTIVITY 3 
Multiply and divide to fill in the blanks. 
cm cm Area Area cm cm 
29 
sq cm 
3 by 3 = 35 cm' = 7 by 
2 by 6 = 56 cm' = 8 by 
7hv7 = 48 cm- = 6 by 
9 by 6 = 40 cm' = 8 by 
1 by 5 = 100 cm' = 10 by 
3 by 8 = 63 cm' = 7 by 
4hy9 = 15 cm' = 3 by 
10 hv6 = 72 cm' = 9 by 
8 by 8 = 32 cm' = 4 by 
7hv3 = 20 cm' = 2 by 
1 cm^ (sq cm) = 100 mm^ (sq mm) 
200 mm^ = 2 cm^ 
150 mm' = 1.50 cm' 600 mm' — cm' 
240 mm' = cm' 1800 mnr cm-
370 mm' = cm' 4700 mm' cm' 
1532 mm' = cm' 2900 mm' cm' 
3.60cm' - 360 mm' 3 cm' mm' 
7.20 cm' = _ mm' 9 cm' mm" 
14.35 cm' = _ mm' 15 cm' mm' 
90.07 cm' = mm' 21 cm' mm' 
LEARNING ACTIVITY 4 
If the sides of a rectangle are 5 km and 3 km, then the area is 15 km^ and the 
perimeter is 16 km. If the area of a rectangle is 15 km^ and the perimeter is 16 km, the 
two sides are 3 km and 5 km. 
5 km 
2 
F Area = 15 km jt: 
ro Perimeter = 16 km 
Fill in the missing amounts in the table of calculations below. 
Item Side Side Area Perimeter 
a 8m 4m 
b 9 cm 81 cm^ 
c 10 km 42 km 
d 72 m: 34 m 
e 42 km^ 34 km 
f 25 cm 225 cm^ 
g 143 mm^ 48 mm 
h 11 dm 58 dm 
i 6 cm 20 mm 
j uS 4z m 
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LEARNING ACTIVITY 5 
List items used in preparing and serving food that are about the sizes in A, B, and 
C below. When you have listed six items in each category, measure them and record the 
exact length and width of each and calculate the area. 
A. 1 square centimeter (1 cm^ or 100 square millimeters (100 mm^) 
Item Length Width Area 
B. 1 square decimeter ( 1 dm-) or 100 square centimeters ( 100 cm-) 
Item Length Width Area 
C. 1 square meter (1 m-) or 100 square decimeters (100 dm^) or 10000 square cen­
timeters ( 10 000 cm^) 
Item Length Width Area 
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LEARNING ACTIVITY 6 
Problem: You are to prepare gelatin salad using a metric recipe. What size pan or pans 
will you use? 
Analysis of Problem: 
1. How many servings will be prepared? 150 
2. What size will each portion be? 5 cm x 5 cm 
3. How many square centimeters of gelatin will be needed? 
5 X 5 X 150 = cm^ (square centimeters) 
4. What pan or combination of pans will supply this area? 
Possible Solutions: Select five pans that might be used for making gelatin salad. 
Evaluation of Solutions: 
Pan#l cm X cm = cm^ 
Pan #2 cm X cm = cm^ 
Pan #3 cm X cm = cm^ 
Pan #4 cm X cm = cm^ 
Pan #5 cm X cm = cm^ 
Recommendations for Action: 
of pan # with cm^ each for a total of cm^ 
of nan # with cm^ each for a total of cm^ 
152 
4 VOLUME MEASUREMENT 
Topics: The volume terms and abbreviations used in the metric system 
The arithmetic used in volume measurement 
Application of volume measurement to food preparation and service 
Objectives: Upon completion of this lesson, you will be better able to: 
• know the volume terms, the amounts to which they refer, and their symbols. 
• know the proper metric unit for measuring the volume of specified items. 
• know the prefixes that relate to the basic units of metric volume measurement. 
• know the interrelationships of the smaller and larger units of metric measure­
ment. 
• compare unit prices of selected food items using the metric system. 
e measure correctly, using metric volume measuring equipment and measures. 
• perform simple mathematical calculations using the metric volume measurements. 
• apply the correct metric terms and concepts to the appropriate situations. 
• incorporate the metric system into everyday use. 
METRIC UNITS OF VOLUME 
Volume is a measure of space occupied or capacity. It is the amount of space taken 
up by something. It has three dimensions—length, width, and height. To determine 
length, we measured the distance with a metric measuring tool. To calculate area, we 
measured two dimensions—length and width—and multiplied one dimension by the 
other. To calculate volume, we multiply the length times the width as we did in area, 
and then we multiply the result by the height (K=Lx WxH). All the units must be the 
same, that is cm x cm x cm or km x km x km. To indicate volume, we show the unit 
cubed; the symbol for cubic meter is m\ Figure 4.1 illustrates the concept of one, two, 
and three dimensions. 
Length Area Volume 
Fig. 4.1. Length, area, and volume. 
Small changes in the dimension of a container will make very great differences in 
the amount of material the container will hold. See how this happens by looking at the 
calculations in Table 4.1 and Figure 4.2. If we have four cubes, each one measuring one 
unit larger on each dimension, we find they have great differences in capacity. 
33 
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Table 4.1. Varying Dimensions 
Dimensions of Cubes Capacity 
1x1x1 1 
2x2x2 8 
3x3x3 27 
4x4x4 = 64 
I cm X 1 cm X I cm = 1 cm' 
3 cm X 3 cm X 3 cm = 27 cm" 
y \y\ 
2 cm X 2 cm X 2 cm = 8 cm' 
4 cm X 4 cm x 4 cm = 64 cm' 
Fig. 4.2. Varying dimensions increase volume dramatically. 
CUBIC METER 
Just as the standard unit of length in the metric system is the meter and the stand­
ard unit of area is the square meter, the standard unit of volume is the cubic meter. A 
cubic meter is 1 meter long, 1 meter wide, and 1 meter high. The carton that holds a 
console TV might be about 1 cubic meter (1 m'). The metric system was designed in such 
a way as to relate the quantities of length and capacity. One cubic meter equals i 
kiloliter. 
CUBIC DECIMETER 
A cubic decimeter is a cube with edges each one-tenth of a meter long, or 1 
decimeter. A cubic decimeter is about the volume of a large box of fresh strawberries. 
The most common unit for measuring metric volume is the liter. The symbol for 
this unit is L without a period. The liter is related to the meter. A liter is defined as the 
capacity of a cube 1 dmx 1 dmx 1 dm. One cubic decimeter (dm^) is equal to one liter. 
A liter is also equal to 1000 cm\ since 1 dm= 10 cm and 10 cmx 10 cmx 10 cm= 1000 
cm\ 
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One cubic decimeter 
10 cm by 10 cm by 10 cm = 1000 cm 
Fig. 4.3. One cubic decimeter (dm^). 
CUBIC CENTIMETER 
The cubic centimeter is a unit for measuring small volumes. A cubic centimeter has 
edges of only 1 cm or 0.01 m. A cubic centimeter is about the volume of a sugar cube 
(see Fig. 4.2). 
One cubic centimeter (cm') is equal to 1 milliliter. The symbol for milliliter is mL. 
Milli is a prefix and it means one-thousandth, A milliliter is one-thousandth of a liter. 
Drugs, especially liquid medicines, are often dispensed in milliliters. Seasonings may be 
measured in these units. 
As more companies convert to metrics, vending machines will probably have 500-
mL (half-liter) cartons of milk and soda. Milk will probably be in 1-liter^ 2-!iterj or 4-
liter containers. Perhaps pans will come in 500-mL (half-liter), liter, and 2-liter sizes. 
An advantage for the consumer is that the cost per unit can easily be compared. 
Three sizes of containers might be 500 mL, 1 L (1000 mL), and 2 L (2000 mL). It is 
quite easy to figure the cost per liter for all three sizes. 
CUBIC MILLIMETER 
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The cubic millimeter (mm') is a very small unit of volume. It has edges that are 1 
millimeter or 0.001 meter. A cubic millimeter is about the size of a crystal of salt on a 
pretzel. It is used for very few measurements except in scientific work. 
LARGER CUBIC UNITS 
Volumes larger than a cubic meter are seldom used in food preparation and service. 
They are described here so you may become acquainted with the terms. The first size 
larger than the cubic meter is the cubic dekameter (dam'). It has edges that are 1 dam or 
10 m long. The next larger unit of volume is the cubic hectometer (hm'). It is 100 m 
long, 100 m wide, and 100 m high. A still larger unit of volume is the cubic kilometer 
(km'). It has edges of 1000 m or 1 km. 
VOLUME RELATIONSHIPS 
Just as the metric units of length and area are related by tens, so also are metric 
units of volume. However, since each unit of volume is three dimensional, the next 
larger unit of volume is ten times longer, ten times wider, and ten times higher than the 
unit that precedes it. Each cubic unit is 1000 times larger than the next smaller unit. 
Compare the size of the cubic meter and the next larger unit, the cubic dekameter. 
The cubic dekameter is 10 m long, 10 m wide, and 10 m high, making a total volume of 
1000 cm'. Therefore, the cubic dekameter is 1000 times larger than the cubic meter. 
To understand the relationships among the metric units of volume, use the formula: 
Volume = lengthXwidthXheight {V=^LxWxH). Use this formula to find how many 
cubic centimeters are contained in one cubic meter. One cubic meter has a length of 100 
cm, a width of 100 cm, and a height of 100 cm. Therefore, its volume equals 
100x100x100, or 1000000 cm'. Table 4.2 shows the relationships among the metric 
units of volume. 
Table 4.2. Metric Units of Volume 
Symbol Unit 
Length Width Height 
(meters) 
îvîuUîplc 
of a 
Cubic Meter 
km' cubic kilometer 1000 x 1000 X 1000 1 000000000 
hm' cubic hectometer 100 X 100 X 100 1 000000 
dam' cubic dekameter 10 X 10 X 10 1000 
m' cubic meter 1 X 1 X 1 1 
dm' cubic decimeter 0,1 X 0.1 X 0.1 0.001 
em' cubic centimeter 0.01 X 0.01 X 0.01 0.000001 
mm' cubic millimeter 0.001 X 0.001 X 0.001 0.000000001 
To convert from one metric unit of volume to another metric unit of volume, 
multiply to change from a larger to a smaller unit. Divide to change from a smaller unit 
to a larger unit. 
Table 4.3 shows the relationship of the base unit to Lhe larger and smaller units and 
the relationship of the linear units to the corresponding area and volume units. 
Volume is used in many ways in food preparation and service. We usually state the 
amounts of ingredients in recipes as units of volume. The size of casseroles, pitchers. 
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Table 4.3. Relationship of Metric Units 
Décimal System Thousands Hundreds Tens Units Tenths Hundredths Thousandths 
base ten 1000 100 10 1 Ho '/UHI '/lOOO 
1000.0 100.0 10.0 0.1 0.01 0.001 
Metric System (SI) kilo hecto deka unit of dec! centi milli 
based on ten 1000 100 10 measure 0.1 0.01 0.001 
(prefixes and meanings) k h da 1 d c m 
Lcngtli kilometer hectometer dekameter Meter decimeter centimeter millimeter 
km hm dam m dm cm mm 
Area square square square Square square square square 
(squared) kilometer hectometer dekameter Meter decimeter centimeter millimeter 
km- hm- dam- m- dm- cm- mm-
Volume cubic cubic cubic Cubic cubic cubic cubic 
(cubed) kilometer hectometer dekameter Meter decimeter centimeter millimeter 
km" hm' dam' m' dm' cm' mm' 
1 000 000 10000 100 1 m- 0.01 0.000 1 0.000001 
1 000 000 000 1 000 000 1000 1 m' 0.001 0.000 001 0.000 000 001 
bowls, and pans is frequently given in units of volume. Food and beverages are fre­
quently packaged and sold in volume units. The interior capacity of refrigerators and 
freezers is frequently given in volume units. 
Units of capacity expressed in liters are interrelated by using the metric prefixes that 
have been used with the meter. See Table 4.4. 
Table 4.4. Metric Units of Capacity 
Symbol Unit Volume Equivalent 
Multiple of 
a Liter 
kL kiloliter 1 m' 1000 
hL hectoliter 100 
daL dekaliter lU 
L liter 1 dm' 1 
dL deciliter 0.1 
cL centiliter 0.01 
mL milliliter 1 cm' O.COl 
For measuring capacities smaller than a liter, use the deciliter, the centiliter, and the 
milliliter. The deciliter is equal to 0.1 or one-tenth of a liter. Its symbol is dL. A scoop 
of ice cream is approximately 1 dL. A juice glass has a capacity of about 1 dL. The cen­
tiliter is equal to 0.01 or one-hundredth of a liter. Its symbol is cL. A bite of ice cream 
is about 1 cL. A small perfume bottle may have a capacity of about 1 cL, The milliliter 
is equal to 0.001 or one-thousandth of a liter. Its symbol is mL. It has a capacity equal 
to the volume of 1 em\ Twenty drops of fluid are equal to 1 mL. Medical syringes are 
commonly calibrated in milliliters. 
For measuring capacities larger than a liter, use the dekaliter, the hectoliter, and the 
kiloliter. The dekaliter equals 10 liters. Its symbol is daL. A small pail may have a 
capacity of about 1 daL. The hectoliter equals 100 liters. Its symbol is hL. The gasoline 
tank of a large car may have a capacity of about 1 hL. The kilolitcr equals 1000 liters. 
Its symbol is kL. 
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LEARNING ACTIVITY 1 
1. What is the measure of space occupied, or capacity? 
2. What are the three dimensions used? 
3. What is the standard unit of volume? 
4. What is its symbol? 
5. Name an object that is approximately equal to 1 cubic meter. 
6. What capacity unit is equal to 1 cubic meter? 
7. Name the most common volume measure. 
8. What is its symbol? 
9. What is the volume of 1 liter? 
10. What other volume is also equal to 1 liter? 
11. Name a product that might be purchased in this unit. 
12. What capacity unit is used for measuring small amounts? 
13. What is its symbol? 
14. What other volume unit is used for measuring small amounts? 
15. What is its symbol? 
16. Name three volume units that are larger than the cubic meter 
17. What food might have a serving size of 1 deciliter? 
18. What capacity unit might be used to measure food coloring or flavorings? 
19. What capacity unit is equal to 1000 liters? 
20. What is its symbol? 
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LEARNING ACTIVITY 2 
Facts: To convert from milliliters (mL) to centiliters (cL), divide by 10. 
To convert from centiliters (cL) to milliliters (mL), multiply by 10. 
20 mL = cL 150 mL= cL 
mL = 6 cL 230 mL = cL 
200 mL = cL 1160 mL= cL 
mL= 14 cL mL= 45 cL 
mL= 80 cL mL= 380 cL 
Facts: To convert from milliliters (mL) to liters (L), divide by 1000. 
To convert from liters (L) to milliliters (mL), multiply by 1000. 
L= 300 mL L= 2100 mL 
6 L= mL L= 673 mL 
L= 1200 mL 3.4 L = mL 
15 L= mL 8.6 L = mL 
189 L= mL L= 7800 mL 
Facts: To convert from liters (L) to kiloliters (kL), divide by 1000. 
To convert from kiloliters (kL) to liters (L), multiply by 1(XX). 
7 kL = L kL= 3900 L 
40 kL = L 9.1 kL= L 
kL= 1300 L kL= 968000 L 
kL=62000 L kL= 24300 L 
0.78 kL = L 3000 kL= L 
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LEARNING ACTIVITY 3 
Fill in the missing amounts in the table of calculations below. 
Height Length Width Volume 
12 cm 4 cm 3 cm cm' 
8 cm 6 cm 10 cm cm' 
25 m 3m 7m m' 
11 km 4 km 11 km km' 
I dm 1 dm 1 dm dm' 
7 dm 4 dm 6 dm dm' 
2 m 2m 3 m m' 
9 cm 7 cm 1 cm cm' 
2 cm 3 cm 4 cm cm' 
10 m 8 m 2 m m' 
2 cm cm 3 cm 12 cm' 
m 4m 10 m 120 m' 
6 km 2 km km 36 km' 
7 m m 2 m 56 m' 
3 dm dm dm 27 dm' 
km 4 km 10 km 160 km' 
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Related Numbers 
Cube Square Line Unit 
(a) 1 1 1 1  
(b) 8 4 2 1 
(c) 3 1 
(d) 4 1 
(e) 
(0 
(g) 
(h) 
(i) 
0) 
(k) 
(1) 
I 
LEARNING ACTIVITY 6 
Use a ruler, meter stick, or meter tape (or piece of string) to find the measurements 
of a variety of articles. 
Article Length Width Height Volume 
Box of cake mix 
Book 
Refrigerator 
Door 
Room 
Cutting board 
Case of eggs 
Box of cereal 
Oven 
Cake pan 
Slice of bread 
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LEARNING ACTIVITY 7 
List items used frequently in food preparation and service that are about the sizes 
given below. When you have listed five items in each category, measure them and record 
the exact volume of each item. 
A. 250 milliliters 
Item Actual Volume 
B. 500 milliliters 
Item Actual Volume 
C. 1 liter or 1000 milliliters 
Item Actual Volume 
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LEARNING ACTIVITY 8 
Problem: You are making salad dressing. Using the following recipe, determine the size 
of container that will be needed to hold all the ingredients. 
160 mL oil 10 mL sugar 
60 mL vinegar 5 mL salt 
60 mL lemon juice 2.5 mL pepper 
Shake the ingredients together and serve chilled. 
Analysis of Problem: 
What is the total volume of all the required ingredients? 
Rounding this to the next largest half-liter, what size container will be required? 
Possible Solutions: Select three or four containers in your kitchen that you think may 
have the required volume. 
Evaluation of Solutions: 
Container # 1 contains 
Container #2 contains 
Container #3 contains 
Container #4 contains 
Recommendation for Action: 
Use container # 
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r MASS OR WEIGHT 
O MEASUREMENT 
Topics: The mass or weight terms and abbreviations used in the metric system 
The arithmetic used in mass or weight measurement 
Application of mass or weight measurement to food preparation and service 
Unit pricing of selected food items 
Objectives: Upon completion of this lesson, you will be better able to: 
• know the mass or weight terms, the amounts to which they refer, and their sym­
bols. 
• know the proper metric unit for measuring the mass of specified items. 
• know the prefixes that relate to the basic units of mass measurement. 
• know the interrelationship of the smaller and larger units of metric measurement. 
9 measure correctly using metric scales, especially recipe ingredients. 
• perform simple mathematical calculations using metric mass measurements. 
• apply the correct metric terms and concepts to the appropriate situations. 
• incorporate the metric system into everyday use. 
METRIC UNITS OF MASS AND WEIGHT 
Mass refers to the amount of matter in an object. Weight is the amount of gravita­
tional attraction of the earth on an object. Scientists find that it is important to 
distinguish between mass and weight. On earth the weight and mass of an object are in­
terchangeable, and the weight of an object changes proportionally with changes in its 
mass. Therefore, we can estimate the mass of an object by weighing it. 
GRAM 
The gram is the standard unit of mass in the metric system. The symbol for a gram 
is g. A gram is the weight of 1 cm' of pure water at a temperature of 4 degrees Celsius 
at sea level. This is about 20 drops of water. A gram is small—it is approximately the 
weight of a standard paper clip, a thumbtack, or a raisin. A Ping Pong bail weighs 
about 1.5 g. A sugar packet is approximately 2 g. A penny weighs about 3 g. A nickel 
weighs about 5 g. A serving of dry cereal is about 30 g. Grams may be used in recipes 
as they are presently being used in science and pharmaceutical areas. In many countries, 
grocery stores give prices per 100 g. 
The gram is related to volume units. One miliiiiter of water weighs about I g and 
has the volume of i cm\ 
SMALLER UNITS OF WEIGHT 
Just as the meter may be subdivided, the gram is divided into smaller units of 
weight. The same metric prefixes are used. A decigram is 0.1 or one-tenth of a gram. Its 
symbol is dg. This is equal to about 2 drops of water or 10 grains of rice. 
46 
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A centigram is equal to 0.01 or one-hundredth of a gram. Its symbol is eg. It is equal to 
about 1 grain of rice. 
A milligram is an even smaller unit of weight. Its symbol is mg. It is approximately the 
mass of a grain of salt. The milligram is useful when working with small amounts of 
nutrients. It is also used in the pharmacy. 
Relationships between metric units of mass are shown in Table 5.1. 
Table 5.1. Metric Units of Mass 
Unit Symbol Relationship of Units 
Milligram mg 
Gram g 1 g = 1000 mg 
Kilogram kg 1 kg= 1000 g 
Metric tonne t It =1000 kg 
LARGER UNITS OF WEIGHT 
The dekagram is equal to 10 g. Its symbol is dag. The weight of the heaping spoonful 
of sugar you put on cereal is about 1 dag; 10 large raisins weigh about 1 dag. Two nickels 
weigh about 1 dag. 
The hectogram is equal to 100 g. Its symbol is hg. A stick of butter weighs a little more 
than 1 hg. One hundred raisins or four silver dollars weigh approximately 1 hg. 
The kilogram is equal to 1000 g. It is symbolized by kg. Like the other symbols it is not 
capitalized and does not have a period except when it appears at the end of a sentence. An 
"s" is not added to indicate the plural. 
A brick has a mass of approximately 2 kg. Five medium-sized bananas weigh about 1 
kg. An elementary school child may weigh about 30 kg, the junior high pupil about 40 kg, 
and the high school student 40-60 kg. The adult may vary from 60 to 100 kg. Weigh 
yourself on a metric bathroom scales if possible. A food service facility or hospital may 
have a metric scales because many of the medical institutions are converting to the metric 
system. Use the"number of kilograms of your mass as a reference point. 
The kilogram is also related to the liter and the meter. One liter of water has an ap­
proximate mass of i kg. To complete ihc relaiioiiship, remember thai i liter equals i dnr 
(or 1000 cmO and also equals 1 kg (or 1000 g). Some items that may be sold by the liter are 
milk, motor oil, ice cream, and carbonated beverages. 
There is a larger unit of metric mass called the metric tonne. It is used for large 
quantities of agricultural produce, minerals, ships, etc. The metric tonne has a symbol of t, 
and it is equivalent to 1000 kg. Use the word "metric" before tonne to differentiate it from 
the unit of ton in our customary system. The spelling of tonne is arbitrary, and it may be 
written as ton. We will use metric tonne. A cubic meter of water weighs 1 metric tonne and 
equals 1 000 000 grams. 
Table 5.2 shows the relationship of the base units to the larger and smaller units by 
addition of prefixes. 
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Table 5.2. Relationship of Metric Units 
Decimal System Thousands Hundreds Tens Units Tenths Hundredths Thousandths 
base ten 1000 100 10 1 Vio '/KW '/llKK) 
1000.0 100,0 10.0 0.1 0.01 0.001 
Metric System (SI) kilo hecto deka unit of deci centi mini 
based on ten 1000 100 10 measure 0.1 0.01 0.001 
(prefixes and meanings) k h da 1 d c m 
Length kilometer hectometer dekameter Meter decimeter centimeter millimeter 
km hm dam m dm cm mm 
Weight kilogram hectogram dekagram Gram decigram centigram milligram 
kg hg dag g dg eg mg 
Liquid Capacity kiloliter hectoliter dekaliter Liter deciliter centiliter milliliter 
kL hL daL L dL cL mL 
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LEARNING ACTIVITY 1 
1. What is the amount of matter in an object? 
2. What is the standard unit of mass? 
3. What is the symbol for this unit? 
4. Name something that weighs approximately 1 gram 
5. What is the capacity of 1 gram of water? 
6. What is the volume of 1 gram of water? 
7. What are three units of mass that are smaller than a gram? 
8. What are the symbols for these three units? 
9. Name a product that might be measured by one of these units. 
10. What is the mass of this product? 
11. What are three units of mass that are larger than the gram? 
12. What are the symbols for these three units? 
13. Name a product that might be measured by one of these units. 
14. What is the mass of this product? 
15. What is the approximate mass of 1 liter of water? 
16. How is this unit related to the volume unit? 
17. What is the symbol for the metric tonne? 
18. What is its equivalent in kilograms? 
19. What is its volume? 
20. What is its equivalent in grams? 
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LEARNING ACTIVITY 2 
Facts: To convert from milligrams (mg) to centigrams (eg) divide by 10. 
To convert from centigrams (eg) to milligrams (mg) multiply by 10. 
10 mg = eg 130 mg = eg 
mg= 8 eg 210 mg= eg 
400 mg = eg 1260 mg = eg 
mg= 19 eg mg= 35 eg 
mg= 90 eg mg= 460 eg 
Facts: To convert from centigrams (eg) to grams (g) divide by 100. 
To convert from grams (g) to centigrams (eg) multiply by 100. 
g = 200 eg g = 2600 eg 
4 g= eg g= 763 eg 
g= 1400 eg 2,6 g = eg 
18 g = eg 9.4 g = eg 
176 g = eg g= 8900 eg 
Facts: To convert from grams (g) to kilograms (kg) divide by 1000. 
To convert from kilograms (kg) to grams (g) multiply by 1000. 
9 kg = g kg= 3900 g 
20 kg = g 8.1 kg- g 
kg= 2500 g kg= 987000 g 
.kg= 73 000 g kg= 26500 g 
0.76 kg = g 2000 kg = g 
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LEARNING ACTIVITY 3 
Across 
1. The number of centimeters in a meter 
3. A liter is measured as 1000 
centimeters 
6. A unit for mass or weight 
7, Unit equal to 1000 kilograms 
10. Prefix meaning x 1000 
11. Unit equal to 10 millimeters 
14. Second is a measure of 
15. A unit used for volume 
16. The prefix for 0.1 
17. The prefix for x 100 
18. The prefix for 0.01 
Down 
2. 0.1 of a meter 
4. Unit equal to 0.01 liter 
5. Symbol for 1000 grams 
8. The unit of linear measurement in 
the metric system 
9. Abbreviation of the International 
System 
12. The entire metric system is based on 
multiples of 
13. The unit for 0.001 of a meter 
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LEARNING ACTIVITY 4 
Use your metric device to measure 100 mL of several food products. Record the 
product and the volume in the appropriate columns. Using a metric scale, find the mass of 
the foods and record the number of grams in the mass column. You might select foods such 
as flour, sugar, cereals, milk, water, salt, or rice. 
Food Volume Mass 
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LEARNING ACTIVITY 5 
List things you think have about the following given masses. When you have listed 
several items in each category, weigh them and record the exact mass of each. 
1 gram Actual mass 5 grams Actual mass 
10 grams 
or 
1 dekagram Actual mass 
1000 grams 
or 
1 kilogram Actual mass 
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LEARNING ACTIVITY 6 
Problem: You are to prepare baked potatoes. What size potato should be used to have 
the cost per serving be approximately 4^ if the price of potatoes is 20c per 1 kg? 
Analysis of Problem (use metric scale): 
1. Approximately how many large potatoes weigh 1 kg? 
2. What is the average weight of one large potato? 
3. Approximately how many medium potatoes weigh 1 kg? 
4. What is the average weight of one medium potato? 
5. Approximately how many small potatoes weigh 1 kg? 
6. What is the average weight of one small potato? 
7. How much would 500 g of potatoes cost? 
8. How much would 100 g of potatoes cost? 
Possible Solutions: 
1. Serve a large potato 
2. Serve a medium potato 
3. Serve a small potato 
Evaluation of Solutions: 
Potato #1 weighs g x .02c per gram = g per serving 
Potato #2 weighs g x .02* per gram = c per serving 
Potato #3 weighs g x .02c per gram = c per serving 
Recommendation for Action: 
Use potatoes that are size so the cost per serving is c. 
6 
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TEMPERATURE 
Topics: A comparison of temperature scales—Kelvin, Fahrenheit, and Celsius 
Application of temperature measurement to food preparation and service 
Objectives: Upon completion of this lesson, you will be better able to: 
• know the three systems of temperature measurement and their relationship. 
• measure temperature correctly using degrees Celsius. 
• conceptualize the temperatures represented by readings on a Celsius thermometer. 
TEMPERATURE SCALES 
There are three temperature scales: Kelvin, Fahrenheit, and Celsius. 
The Kelvin scale is used by scientists who are working with the metric system. The 
Kelvin scale is appropriate for scientific work because it has an absolute zero. No heat 
or thermal energy exists below absolute zero. The symbol for the Kelvin scale is K. In 
the Kelvin scale the term degree is not used. Instead, each unit is called a kelvin. There 
are 100 kelvins between the melting point of ice and the boiling point of water. On the 
Kelvin scale, ice melts at 273 K and water boils at 373 K. 
The Fahrenheit scale is the one most of us in the United States are using at the 
present. It was named for Gabriel D. Fahrenheit, a German physicist. It is symbolized 
with an F. On the Fahrenheit scale ice melts at 32°F and water boils at 212°F. There are 
180 equal degrees between the melting point of ice and the boiling point of water. 
For everyday temperature measurement, the Celsius scale will be used. The Celsius 
scale was named for Anders Celsius, a Swedish astronomer. It was formerly called cen­
tigrade, It is pronounced SEL si us and it is symbolized with a C. On the Celsius scale 
ice melts at 0°C and water boils at 100° C. There are 100 equal degrees between the 
melting point of ice and the boiling point of water. 
One kelvin on the Kelvin scale (1 K) would indicate the same heat change as 1 
degree on the Celsius scale (1°C) and one and eight-tenths degrees on the Fahrenheit 
scale (1.8°F). The drawings in Figure 6.1 will help to illustrate the differences between 
the three temperature scales. 
Water boils 
Ice melts 
- 373 
-273  
Absolute zero ï'-l- 0 
U 
Kelvin 
- 100 
- 0 
/a -273 
U 
Celsius 
- 2 1 2  
- 32 
-460 
U 
Fahrenheit 
Fig. 6.1. Temperature scales. 
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Nearly everyone has an interest in measuring temperature. Weather bureaus report 
and forecast outdoor temperatures. Thermostats regulate indoor temperatures. If some­
one is feeling ill, we check body temperature to see if the person has a fever. The easiest 
way to learn the Celsius temperature scale is through experience. Use the following 
guidelines: 
The fiery forties—to 49°C (104° to 120°F) is heat-wave weather. As the outdoor 
temperature approaches 40°C, it is going to be hot. 
The thermal thirties—30° to 39°C (86° to 102°F) are hot summer temperatures. At 
30°C it will be quite warm and probably many people will turn on air conditioners. 
The normal body temperature is 37°C. 
The tepid twenties—10° to 29°C (68° to 84°F) are comfortable to warm temperatures; 
20° C is a comfortable room temperature. 
The tingling teens—10° to 19°C (50° to 66°F) are cool temperatures. Some people 
would call it a warm winter day. 
The frigid fives—minus 5° to 5°C (23° to 41 °F) are chilly winter days. We can have a 
snow or ice storm at 0°C or below, and the results will stay on the ground. 
Those of us who prepare and serve food are concerned with the temperatures in 
equipment and appliances used to heat and cool. There should be no difficulty in con­
version from the Fahrenheit scale to the Celsius scale for temperature measurement in 
cooking. Until ranges and appliances are made with temperature controls calibrated in 
Celsius, conversion tables should be used. A number of conversion devices are available. 
Suggested cooking temperatures in Fahrenheit and Celsius with current descriptive 
terminology can be found in Table 6.1, The temperatures in Celsius are rounded for 
oven temperatures for baking or roasting and oil temperatures for deep-fat frying. For 
candy making, use exact conversion values in Celsius because end-point temperatures are 
critical. 
Table 6.1 Cooking Temperatures for Foods: Fahrenheit and Ceisius Scales 
Temperature 
Cooking Operation op °C 
RaWirto rvr roactinc 
Very slow 250 to 2 75 120 to 135 
Slow 300 to 325 150 to 165 
Moderate 350 to 375 175 to 190 
Hot 400 to 425 205 to 220 
Very hot 450 to 475 230 to 245 
Deep-fat frying: 
Chicken 350 175 
Doughnuts, fish 350 to 375 175 to 190 
Potatoes 385 to 395 195 to 200 
Candy making: 
Thread 230 to 234 llOto 112 
Soft ball 234 to 240 112 to 115 
Firm ball 244 to 248 118 to 120 
Hard ball 250 to 266 121 to 130 
Soft crack 270 to 290 132 to 143 
Hard crack 300to310 149 to 154 
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LEARNING ACTIVITY 1 
1. What are the three temperature scales? 
2. What temperature scale is used by scientists? 
3. What is absolute zero? 
4. What is the symbol for Kelvin? 
5. What is the term used instead of degree in the Kelvin scale? 
6. What is the symbol for this term? 
7. At what temperature on the Kelvin scale does ice melt? 
8. At what temperature on the Kelvin scale does water boil? 
9. What temperature scale is currently being used in the United States? 
10. What is its symbol? 
11. At what temperature on the Fahrenheit scale does ice melt? 
12. At what temperature on the Fahrenheit scale does water boil? 
13. What metric scale is used for everyday temperature measurement? 
14. What is its symbol? 
15. At what temperature on the Celsius scale does ice melt? 
16. At what temperature on the Celsius scale does water boil? 
17. What is normal body temperature on the Celsius scale? 
18. What temperature on the Celsius scale would be used to set a moderate oven? 
19. What temperature on the Celsius scale would be used to deep-fat fry chicken? 
20. What temperature on the Celsius scale would be used in candy making to make a 
syrup at the soft-ball stage? 
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LEARNING ACTIVITY 2 
Identify the temperature in Celsius associated with the following conditions. 
Condition Temperature 
Body temperature °C 
Ice freezes °C 
Water boils °C 
Hot summer day ° C 
Comfortable room °C 
Warm winter day ° C 
Chilly winter day ° C 
Slow oven °C 
Very hot oven °C 
Deep-fat fried potatoes °C 
Soft-ball stage °C 
Hard-crack stage °C 
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Across Down 
1. Metric temperature scale 1. Metric measurement equal to length 
3. Symbol for milliliter of a corn kernel 
4. Weights and measures system used 2. 10 000 square meters or 100 ares 
by 90% of world's population 3. Equal to 100 centimeters 
5. 1000 kilograms equals one 7. Metric length of diameter of paper 
6. Base unit for mass clip wire 
9. 1000 grams 8. Give 'em a centimeter they'll take a 
11. Symbol for kilometer 
14. One-thousandth of a liter 10. Conversion to metrics will increase 
15. People who devised the metric U.S. tn other countries 
system 12. Symbol for centimeter 
13. Basic metric measurement of capaci-
ty 
lO 
LEARNING ACTIVITY 3 
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LEARNING ACTIVITY 4 
Estimate the temperature in degrees Celsius of the following items and record the 
temperature in the first column. Then measure the actual temperature of the items and 
record the temperature in the second column. Add others you may think of. 
Estimated Actual 
Product Temperature Temperature 
Glass of iced tea 
Cup of coffee 
Bowl of soup 
Water from hot tap 
Water from cold tap 
Dishwater in sink 
Cold oven 
Refrigerator 
Body temperature 
Room temperature 
Outdoor temperature 
LEARNING ACTIVITY 5 
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Problem: You are the supervisor in a health care facility and have received complaints 
that the coffee is cold when it reaches the patient. You know that coffee should be 
brewed at 85° to 90°C and that people prefer to drink coffee between 70° and 
75°C. 
Analysis of the Problem: 
1. What is the temperature of the coffee in the urn? 
2. What kind of beverage servers do you use? (glass, china, Styrofoam, stainless 
steel, insulated stainless steel) 
Possible Solutions: 
1. Select a different beverage server. 
2. Reduce the time between the serving area and the patient. 
3. Preheat the server to reduce heat loss. 
Evaluation of Solutions (specify type of server and measure temperature at times in­
dicated): 
1. Server#! °Cafter5 min °Cafter 10min 
2. Server #1 preheated °C after 5 min °C after 10 min 
3. Server #2 °C after 5 min °C after 10 min 
4. Server #2 preheated °C after 5 min °C after iO min 
Recommendations for Action: 
1. If the coffee will reach the patient in 5 min or less, use server # Does it 
need lu be prclicaLcu? 
2. If the coffee will reach the patient in 10 min or less use server # Does 
it need to be preheated? 
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-7 ANSWERS TO 
/ LEARNING ACTIVITIES 
1: INTRODUCING THE METRIC SYSTEM 
Activity 1 
1. cubit, ell, fathom, pennyweight, etc. 
2. inch, foot, yard, ounce, pound, etc. 
3. 1790 
4. length, volume, weight 
5. sensible, simple, consistent 
6. meter 
7. Le Système International d'Unités 
8. John Adams (and others) 
9. 1866 
10. no 
11. dual labeling of products 
12. change product size so it is appropriate to metric units 
13. improve world trade (and others) 
14. the process of converting to the metric system 
15. patterns, temperatures, films, radio frequencies, etc. 
Activity 2 
Any amounts that are found on labels are correct. 
Activity 3 
Read and understand the steps of problem solving. 
2: LINEAR MEASUREMENT 
Activity 1 
1. meter 10. cm 19. larger 
2. 100 11. no 20. smaller 
3. m 12. no 21. smaller 
4. 3.5 m 13. aspirin 22. 6 city blocks 
5. no 14. 1000 23. larger 
6. no 15. mm 24. iO 
7. Softball bat 16. paper match 25. 90  km/hr  
8. centi 17. 1000 
9. 100 18. km 
62 
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Activity 2 
1 cm 
80 mm 
40 cm 
190 mm 
900 mm 
Activity 3 
13 cm 
21 cm 
126 cm 
350 mm 
4600 mm 
2 m 
400 cm 
14 m 
1800 cm 
17 600 cm 
26 m 
763 m 
267 300 cm 
940 cm 
89 m 
9000 m 
20000 m 
2 km 
73 km 
76000 m 
Width of page 21.5 cm 215 mm 
Length of page 27.75 cm 277.5 mm 
Other measurements will vary depending on the article measured. 
Activity 4 
Any amounts that appear to be reasonable. 
Activity 5 
A star shape is formed on the centimeter paper. 
Activity 6 
Rt 1 27.5 cm 
Rt 2 29.5 cm 
Rt 3 27.5 cm 
Select Route 1, 
137.5 km 
147.5 km 
137.5 km 
1 hr 32 min 
1 hr 29 min 
1 hr 32 min 
2 towns 20 min 
4 towns 40 min 
4 towns 40 min 
39 km 
81000 m 
987 km 
26.5 km 
2000000 m 
1 hr 52 min 
2 hr 9 min 
2 hr 12 min 
3: AREA MEASUREMENT 
Activity 1 
1. area 
2. cm^ 
3. centimeter 
4. mm' 
5. 100 
6. decimeter or centimeter 
7. meter 
8. 10000 
9. triangle 
10. are 
Activity z 
4x4= 16  8x  
5X5 =  25  9x  
6x6  =  36  10  x  
7x7  =  49  
11. a 
12. 100 
13. hectare 
14. ha 
15. 10000 
16. square hectomctcr, hectare 
17. ha 
18. 10000 
19. hectare 
20. square centimeter 
8= 64 
9= 81 
10=100 
64 
Activity 3 
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9 cm^ 5 cm 24 cm- 9 cm 
12 cm^ 7 cm 36 cm- 5 cm 
49 cm^ 8 cm 60 cm- 8 cm 
54 cm^ 5 cm 64 cm^ 8 cm 
5 cm^ 10 cm 21 cm^ 10 cm 
1.50 cm^ 6 cm' 360 mm' 300 mm' 
2.40 cm' 18 cm' 720 mm' 900 mm' 
3.70 cm' 47 cm' 1435 mm' 1500 mm' 
15.32 cm' 29 cm' 9007 mm' 2100 mm' 
Activity 4 
a. 32 m' 24 m f. 9 cm 68 cm 
b. 9 cm 36 cm g. 11 mm 13 mm 
c. 11 km 110 km' h. 18 dm 198 dm' 
d. 9 m 8 m i. 12 cm' 16 cm 
e. 14 km 3 km j. 17 m 4 m 
Activity S 
Any amounts that appear to be reasonable. 
Activity 6 
3750 cm' 
Other measurements will vary depending on the pans. 
4: VOLUIME IVIEASUREMENT 
A «kAaaa'Aa* 4 
inviiviij I 
1. volume 
2. length, width, height 
3. cubic meter 
4. m' 
5. TV set carton 
6. 1 kiloliter 
7. liter 
8. L 
9. I cubic decimeter 
itimctcr 
12. milliliter 
13. mL 
14. cubic centimeter 
15. cm' 
16. cubic dekameter, cubic hectometer, cubic 
kilometer 
17. icecream 
18. milliliter 
19. kiloliter 
11. milk (and others) 
Activity 2 
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2cL 15 cL 0.3 L 2.1 L 7000 L 3.9 kL 
60 mL 23 cL 6000 mL 0.673 L 40 000 L 9100 L 
20 cL 116cL 1 .2L 3400 mL 1.3 kL 968 kL 
140 mL 450 mL 15 000mL 8600 mL 62 kL 24.3 kL 
800 mL 3800 mL 189000 mL 7.8 L 780 L 3 000 000 L 
Activity 3 
144 cm' 2 cm 
480 cm' 3 m 
525 m' 3 km 
484 km' 4m 
1 dm' 3 dm 3 dm 
168 dm' 4 km 
12 m' 
63 cm' 
24 cm' 
160 m' 
Activity 4 
c. 27 9 h. 512 64 8 1 
d. 64 16 i. 729 81 9 1 
e. 125 25 5 1 j. 1000 100 10 1 
f. 216 36 6 1 k. 1331 121 11 1 
g. 343 49 7 1 1. 1728 144 12 1 
Activity 5 
64 m 
9 cm 
2 km 60 km^ or 3 km 90 km' or 4 km 120 km' or others 
2 m IS 111 Or 4 ill 9 Fn or 6 ÏÏ1 C — U 111 wi v/iiivi o 
2 km 3 km 7 km 
1 cm 9 cm or 3 cm 3 cm 
4 mm 3 mm or 6 mm 2 mm or 12 mm 1 mm 
2 dm 88 dm^ or 3 dm 132 dm^ or 4 dm 176 dm' or others 
4 cm 48 cm^ or 5 cm 60 cm' or 6 cm 72 cm' or others 
1 m 33 m or 3 m 11 m or 10 m 3.3 m 
Activity 6 
Any amounts that appear to be reasonable. 
Activity 7 
Any amounts that appear to be reasonable. 
Activity 8 
297.5 mL 0.5 liter Any size that appears to be reasonable. 
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5: MASS OR WEIGHT MEASUREMENT 
Activity 1 
1. mass 
2. gram 
3. g 
4. a paper clip 
5. 1 mL 
6. 1 cm' 
7. decigram, centigram, milligram 
8. dg.cg, mg 
9. a grain of rice 
10. 1 eg 
11. dekagram, hectogram, kilogram 
12. dag, hg, kg 
13. 4 silver dollars 
14. 1 hg 
15. 1kg 
16. 1 dag' 
17. t 
18. 1000 kg 
19. 1 cm' 
20. 1000 000 g 
Activity 2 
l eg  13  eg  
80 mg 21 eg 
40 eg 126 eg 
190 mg 350 mg 
900 mg 4600 mg 
Activity 3 
2 g 26 g 
400 eg 7.63 g 
14 g 260 eg 
1800 eg 940 eg 
17 600 eg 89 g 
9000 g 3.9 kg 
20000 g 8100 g 
2.5 kg 987 kg 
73 kg 26.5 kg 
760 g 2000000 g 
1. hundred 
3. cubic 
6. gram 
7. tonne 
10. kilo 
11. centimeter 
14. time 
15. liter 
16. deci 
1 t » iivvtv 
18. centi 
2. decimeter 
4. centiliter 
5. kg 
8. meter 
9. Si 
12. ten 
13. millimeter 
Activity 4 
Any amounts that appear to be reasonable. 
Activity 5 
Any amounts that appear to be reasonable. 
Activity 6 
1. 4 7. 10( 
2. 250 g (may vary) 8. 20 
3. 7 Other amounts depend on the actual weight of potatoes used. 
4. 143 g (may vary) 
5. 11 
6. 91 g (may vary) 
6: TEMPERATURE 
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Activity 1 
1. Kelvin, Fahrenheit, Celsius 
2. Kelvin 
3. no thermal energy below this point 
4. K 
5. kelvin 
6. k 
7. 273K 
8. 373 K 
9. Fahrenheit 
10. F 
11. 32°F 
12. 212°F 
13. Celsius 
14. C 
15. 0°C 
16. 100°C 
17. 37°C 
18. 175°tol90°C 
19. 175°C 
20. 112°toll5°C 
Activity 2 
37°C 
o°c 
100°c 
30° to 39°C 
Activity 3 
1. Celsius 
3. mL 
4. metric 
5. tonne 
6. gram 
9. kilogram 
11. km 
14. milliliter 
15. French 
20° C 
10° to19°C 
—5° to5°C 
150° to 165°C 
1. centimeter 
2. hectare 
3. meter 
7. millimeter 
8. kilometer 
10. exports 
12. cm 
13. liter 
205° to 220°C 
195°to200°C 
112°  to l l5°C 
149° to 154°C 
MUliviiy «* 
Any amounts that appear to be reasonable. 
Activity 5 
Any amounts that appear to be reasonable. 
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Metric Measurement Achievement Test 
189 
METRIC MEASUREMENT 
Name 
5/77 LR 
Directions: Please read each question carefully and select the best answer. 
Circle the letter in front of the answer you have selected. 
1. One liter contains: 
a. 
b. 
c. 
d. 
10 km 
100 ml 
500 ml 
1000 ml 
7. How many centimeters in one meter? 
a. 
b. 
c. 
d. 
.01 
10 
100 
1000 
2. The symbol for gram is: 
a. 
b. 
c. 
d. 
g 
g. 
G 
gm 
8. What is the boiling point of water? 
a. 
b. 
c. 
d. 
37° C. 
100° C. 
180° C. 
212° C. 
3. The diameter of a tea cup is about: 9. The correct symbol for milliliter is: 
a. 
b. 
c. 
d. 
1 cm 
30 mm 
8 cm 
20 cm 
a. ml 
b. m.l. 
c. M L 
d. M. L. 
If an object nas an area OT 
600 cm2, what would it be? 
a. a postage stamp 
b. a recipe card 
C. d Shêêt of typlny paper 
d. a table cloth 
10. What unit would you use to measure the 
area of a pan? 
a. square millimeters 
b. square centimeters 
V  $  o y u u i c  m c  v c :  o  
d. square kilometers 
What container would have a 
capacity of 250 ml? 
a. a small baby-food jar 
b. a water glass 
c. a No. 5 juice can 
d. a No. 10 fruit can 
11. If the weatherman says it is 30° C., 
you would be likely to 
a. go swimming 
b. shovel snow 
c. turn on the furnace 
d. wear a liaht iacket 
6. What is the weight of a loaf of 
sandwich bread? 
a. 
b. 
c. 
d. 
400 grams 
550 grams 
680 grams 
850 grams 
12. What unit is called the keystone of 
the metric system? 
a • 
b. 
c. 
d. 
yi am 
1 i ter 
meter 
kelvin 
-2- 5/77 LR 
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13. If a bunpan is 44 cm x 66 cm, how many slices of bread can be placed on it 
if the bread is 11 cm^? 
a. 10 
b. 16 
c. 20 
d. 24 
14. The patients are all to receive 75 cm^ of wine before dinner. There are 
fifty (50) patients involved in the experiment. How many liters of wine 
should be purchased for the seven day test? 
a. 27 liters 
b. 38 liters 
c. 263 1i ters 
d. 375 liters 
15. What is the total distance around the figure below? 
a. 17 mm 
b. 6 cm 
c. 77 mm 
d. 17 cm " ~-
16. Each sandwich has 60 grams of cheese. How many kg of cheese should be 
purchased to make one sandwich apiece for 150 people? 
a. 3 kg 
b. 9 kg 
c. 30 kg 
d. 90 kg 
17. Mary and Carol were discussing the trend toward the metric system usage 
in the United States. Mary said, "Cigarettes, skis, drugs and film are 
already measured in metric terms." 
Carol answered, "So what! Those are just a few items. Some of them 
aren't essential." 
Which of the following statements most nearly expresses the logic of this 
argument? 
a. Only producers of nonessentials are converting to the metric system. 
b. Hard conversion should begin InsTiediately. 
c. If people ignore the metric system it will be forgotten. 
d. Conversion is coming and some industries have begun the changeover. 
-3-
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One liter of water weighs: 24. 
a. 10 grams 
b. 100 grams 
c. 250 grams 
d. 1 kilogram 
One meter is equal to: 25. 
a. 100 mm 
b. 1000 mm 
c. 1000 cm 
d. 10 km 
The term used for temperature in 26. 
the metric system is: 
a. Celsius 
b. Centigrade 
c. Fahrenheit 
d. Kelvin 
The width of your little finger- 27. 
nail is approximately: 
a. 1 millimeter 
b. 1 centimeter 
c. 1 meter 
d. 1 kilometer 
If one kilogram of apples cost 28. 
80(t, 500 grams would cost: 
a. $ .04 
b. .16 
c. .40 
d. 4.00 
What should the temperature of 29. 
the dairy refrigerator be? 
a. 2° C. 
b. 14° C. 
c. 34° C. 
d '. 100° c! 
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The meter is the measure of: 
a. mass 
b. volume 
c. length 
d. temperature 
A glass of milk contains approximately: 
a. .25 liters 
b. .5 liters 
c. 1.0 liters 
d. 1.5 1i ters 
A square kilometer contains: 
a. 10 square meters 
b. 100 square meters 
c. 10000 square meters 
d. 1000000 square meters 
If you are browning a meringue, the 
oven setting would be: 
a. 120° C. 
b. 180O C. 
c. 225° C. 
d. 325° C. 
If you barbeque a hamburger, it would 
probably weigh: 
a. 250 mg 
b. 125 9 
c. 400 g 
d. .5 kg 
The temperature of a frozen food storage 
unit will probably be: 
a. -12° C. 
b. 0° C. 
c- IQO C.. 
d. 32° C. 
-4- 5/77 LR 
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30. The ingredients in a cake are 200 grams of butter, 375 grams of sugar, 125 
grams of eggs, 50 grams of chocolate and 750 grams of flour. If one kg is 
scaled into each 30 cm x 50 cm pan, how may pieces 5 cm x 5 cm will one 
recipe yield? 
a. 25 
b. 50 
c. 60 
d. 90 
31. If the outer edges of a dining room total 84 meters, and two sides are each 
2000 centimeters long, how long is each of the other sides? 
a. 22 meters 
b. 40 meters 
c. 44 meters 
d. 64 meters 
32. The label on a can of frosting reads, "Will cover a loaf pan 25 cm by 35 cm." 
How many cans will be needed to cover a cake that is 70 cm by 100 cm? 
a. 7 
b. 8 
c. 9 
d. 10 
33. The easiest way to learn the metric system is to: 
a. buy a metric converter to help change customary units to metric units. 
b. learn the conversion factors to change customary units to metric units. 
c. continue usir.g custcrisry units until other industries have changed to metrics. 
d. use only the metric system and learn the units by using them regularly. 
34. The correct way to express area when multiplying cm by cm is: 
a. C. M.2 
b. square CM 
c. cm^ 
d. centimeters squared 
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Correct Responses for Metric Measurement Achievement Test 
1. D 18. D 
2. A 19. B 
3. C 20. A 
4. C 21. B 
5. B 22. C 
6. G 23. A 
7. C 24. C 
8. B 25. A 
9. A 26. D 
10. B 27. 6 
11. A 28. B 
12. G 29. A 
13. D 30. D 
14. A 31. A 
15. n 32. B 
16. B 33. D 
17. D 34. C 
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Knowledge and Application Subsets of the 
Metric Measurement Achievement Test 
The following items made up the knowledge subset of the Metric Meas­
urement Achievement Test: Item numbers 1, 2, 7, 8, 9, 10, 12, 18, 19, 20, 
21, 22, 23, 24, 25, 26, 29, 34. 
The following items made up the application subset of the Metric 
Measurement Achievement Test: Item numbers 3, 4, 5, 6, 11, 13, 14, 15, 
16, 17, 27, 28, 30, 31, 32, 33. 
195 
APPENDIX D: TABLES 
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Table 3. Table of specifications for metric measurement achievement test 
General Length Area Volume Mass Temperature 
Knowledge 2 3 3 3 3 4 
Application 2 3 3 3 3 2 
Total 4 6 6 6 6 6 
Table 4. Item analysis for achievement test 
Item 
Distracter analysis 
12 3 4 
Difficulty 
index 
Standard 
deviation 
Discrimina­
tion index& 
1 9 24 0 128^ .80 0.40 0.63 
2 138^ 4 0 20 .85 0.36 0.39 
3 7 15 115b 23 .72 0.45 0.40 
4 9 13 101^ 36 .64 0.48 0.52 
5 21 115b 14 9 .72 0.45 0.49 
6 29 21 9r 18 .57 0.49 0.66 
7 16 7 123b 11 .78 0.41 0.53 
8 9 131^ 11 11 ,81 0.39 0.61 
n 150*^ 2 0 0 .99 0.11 **** 
10 n 142^ 5 4 .88 0.33 0.58 
11 128^ 1 n 20 .80 0.40 0.57 
12 12 3 139b 8 .86 0.35 0.27 
13 10 11 14 124b .78 0.41 0.74 
14 82^ 20 32 20 ,53 0.50 0.50 
15 11 8 20 116^ .75 0.43 0.51 
16 5 113b 11 29 .72 0.45 0.73 
17 2 2 9 148^ .92 0.27 **** 
^Discrimination index less than .05. 
'^Correct response. 
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Table 4. (Continued) 
Item 
Distracter analysis 
1 2 3 4 
Difficulty 
index 
Standard 
deviation 
Discrimina­
tion index 
18 13 13 17 113b .72 0.45 0.61 
19 23 112^ 19 6 .70 0.46 0.59 
20 150^ 4 0 8 .93 0.26 0.18 
21 21 135b 3 1 .84 0.36 0.37 
22 5 2 118^ 34 .74 0.44 0.77 
23 85^ 51 20 2 .54 0.50 0.88 
24 9 12 139b 1 .86 0.34 0.49 
25 115^ 18 13 11 .73 0.44 0.56 
26 12 16 35 96^ .60 0.49 0.74 
27 31 68^ 33 7 .55 0.50 0.40 
28 16 116^ 8 14 .75 0.43 0.57 
29 97b 50 9 5 .60 0.49 0.57 
30 23 12 56 63*^ .41 0.49 0.55 
31 103b 14 31 10 .65 0.48 0.43 
32 36 96^ 19 6 .61 0.49 0.55 
33 10 82 0 69b .43 0.49 0.10 
34 1 6 151^ 3 .94 0.24 0.32 
Table 5. Score distribution for achievement test 
Number taking test = 162 
Number of scored items = 34 
Mean = 24.32 
Standard deviation = 6.94 
KR-20 reliability estimate =0.90 
Standard error of measurement in raw scores =2.19 
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Table 5. (Continued) 
Score T score 
6 1 236 
7 0 250 
8 0 265 
9 1 279 
10 1 293 
11 4 308 
12 5 322 
13 2 337 
14 7 351 
15 4 366 
16 5 380 
17 5 394 
18 4 409 
19 4 423 
20 5 438 
21 5 452 
22 6 467 
23 5 481 
24 6 495 
25 4 510 
26 8 524 
27 11 539 
28 5 553 
29 12 567 
30 12 582 
31 13 596 
32 18 611 
33 6 625 
34 2 640 
